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1.0 INTRODUCTION

The transmission of propeller noise into an airplane fuselage has
a direct influence on the design of General Aviation and Advanced
Turboprop (ATP) aircraft. For this reason NASA has undertaken
several analytical or experimental studies which consider differ-
ent aspects of the overall problem. In one analytical study
[1-4] a method was developed to predict sound levels in a stiff-
ened cylindrical fuselage when the exterior of the fuselage was
exposed to a propeller noise field. The analytical model was
compared with experimental results obtained from a small test
cylinder. Under a separate investigation [5], noise transmission
measurements were made in the laboratory using the fuselage of a
Fairchild Metro II airplane. This experimental investigation
provided validation data for ATP noise control studies.

The present study has two objectives. The first is to adapt the
stiffened cylinder analytical model [1-4] to the test conditions
assoclated with the Metro II experiment [5] and to compare pre-
dicted and measured results for the noise reduction provided by
the fuselage structure and treatment. The second objective is to
extend the analytical model to include turbulent boundary layer
excitation so that comparative noise reduction predictions can be
performed for different types of excitation.

The first part of this report (Section 2) describes the
analytical model [1] and the changes made to it in order to
accomplish the objectives of the study. Section 3 presents an
outline of the Metro II test with emphasis belng placed on the
information relevant to the current study. Analytical represen-
tations of the Metro II test structure and the test excitation
field are given in Sections 4 and 5. Then the predicted and
measured noise reductions for the test fuselage are compared in
Section 6. The effect of type of excitatlon on the noise reduc-
tion 1s discussed in Section 7 and final conclusions are present-
ed in Section 8.



2.0 ANALYTICAL MODEL

2.1 Outline

An analytical model for aircraft interior noise predliction was
developed under a program sponsored by NASA Langley Research
Center, (NASA Contract NAS1-15782), and is described in [1-4].
The model calculates space-average sound pressure levels inslde a
cylindrical fuselage with a floor and sidewall treatment, when
the exterior pressure field is generated by a propeller. In
addition the model derives the noise reduction for an exterior
reverberant (diffuse) acoustic fileld.

For this report, the analytical model has been extended to calcu-
late the noise reduction associated with turbulent boundary layer
excitation. In addition, the sidewall treatment has been modi-
fied so that it may consist of 1 to 4 trim elements. Modifica-
tions have also been made to the noise transmitted from the cabin
floor to the interior, to allow variation of the floor treatment

transmission loss.

2.2 Tone Transmission

The band-limited, space-average mean-square pressure in the
interior of the fuselage, for harmonic H at frequency Wy, is
given by Equations (3), (8) and (10) in _[1]. LIf TﬁL is written

in t £ it t ts, T —(Mz th
n terms o s component parts, Tyy =\—5m , then

2 &
pscC € 2%t
2 H I0ol , . n , A*f' (n,r) .
<pi>s,t V2 H z: W 2: M2t YG(r’H)
n n r r
1
X [ 2 2 2,2 ) (1)
- ——— - — 1 "
1 wé + Ny 1 w% + (nr + nr)

-2



interior (cylinder + floor) surface area assoclated
with interior coupling factor f'(n,r)

L [1p + 2a(mo0y)] (2)

where A

and p7 and coI are the interior density and speed of sound,
respectively. Other symbols are defined in Appendix A.

The interior coupling factor, f'(n,r), between a fuselage struc-
tural mode and a cabin acoustic mode is defined in Equation (52)
Ref.[1] for a bare cabin floor. The f'(n,r) includes a sidewall
trim transmission coefficient t¢, and, in a similar way, a
transmission coefficient, Tm, could be included for the treat-
ment on the floor.* If the floor treatment transmission loss
i1s known and is defined as

Floor treatment transmission loss = -10 log (1p) dB

Equation (52) Ref.[1] becomes

T'(n,r) = T'(gi,r) = %jjf cos 915 sin MEE dz (3)
o
2m-84 . Lp/2
X 1 JTH awr(e)¢.(e)de-qu wr(x)¢.(x)dx
L +2a(m=6_) t S i F P i
p o eo -Lp/2

The sidewall trim is assumed to cover all the curved surface of
the fuselage above the floor, and the trim transmission coeffi-

clent 1t is defined in Appendix A [1].

The analytical model divides the frequency range into "low" and
"high" regimes. At low frequencies acoustic coupling between
structural and cavity modes is calculated on a mode-by-mode
basis. As frequency increases the number of acoustic modes in a
given frequency band becomes very large and the coupling between
structural and acoustic modes is calculated on a band-average
basis (as is done in the statistical energy analysis method).

¥ Tpcan be used to represent vibration isolation mounts support-
ing the floor.

-3-



An estimate of the change-over frequency from low fregency to
high frequency regimes is based on the volume of the cavity. The
change-over frequency is the center frequency of the one-third
octave band in which the following empirical values 1lies

L.,1 ¢
f :—.__Q;[.HZ

v B

where co1 is the speed of sound (m/s) in the cavity of volume
V(m3).

For high frequencies, the expected value of the space average
mean-square interior pressure for harmonic H is given by equation
(16) in [1]. Without using the approximation for g, developed

in Section 3.2 of [1], this becomes

2 3
plc w ¥, (r,H) rev
e <p§>§ t] - el . A Z : ,wz ; -[Azj;(wH)] (4)
’ emv "n redw M;w; [(l-a—lj—) + n{f] interior
r

The bandwidth Aw, containing uwpy, should be wide enough to ensure
smoothness and may be selected to include a sufficiently large
number of modes for computational accuracy. The notation relw
implies that wp also lies within the band Aw,

It is now assumed that the modal displacement of the surface
which forms the inner boundary of the sidewall trim or floor
covering can be given approximately by the function /T (%)
where 1(X) is a general transmission coefficient

Then the interior joint acceptance (i.e., the Jjoint acceptance
coupling the fuselage structure to the interior sound field) can
. be defined for the interior cavity above the floor as



E% ff'/'r(i)'r(i') C(ili';w)wr(i)wrdidi'
interior
cavity

j;(w)

R

Klf{/ T C(E|X"5w)e” (X)y (X1)axax!
fusélage above
floor

+[f Tp c(;‘cli';w)wr(i)wr(if)didi'}

floor

This approximation assumes that the cross terms between the floor
and the fuselage above the floor can be neglected. For a rever-
berant field, the correlation function is of the form

C(XIX';w) = sin k(X-
k(x-x'

) (5)

~ {241

ie neglect of the cross terms is therefore reasonable at high

frequencies, but is only approximate in the mid-frequency range.

Calculation of the joint acceptance of the fuselage above the
floor is considerably more complex than that for the whole
fuselage, because the integration from floor-to-floor does not
cover full modal wavelengths. However some simplifying approxi-
mations are possible. In Sections 5.4 and 5.5 of Ref.[6], it was
shown that for reverberant field excitation, at high frequencies,
A<J§(£?V> is essentially independent of area. Thus

_ 2rev 2rev

AJZ(w) = A3 (w) (6)
whole cylinder
cylinder above floor



where A = fuselage surface area
= L.27a (7)
Ay = fuselage surface area above floor

Transmitting area of fuselage with trim

L.2a(ﬂ—eo) (8)

This gives

9.2 rev - 21"eV rev
1 = 3 2122
A5 - (wy) T ALA 1] (wy) t Tphl Jr(wH)
interior d fuselage floor
X (9)
interior

The reverberant field joint acceptance for the fuselage 1is
defined in Equations 62-73, Ref.[1], and for the floor is defined
in Section 2.7 of this report. The value of the speed of sound,

CoI, for the interior volume should be used. .

2.3 Noise Reduction due to Reverberant Field Excitation

For a reverberant field, the exterlor mean square pressure
<pé>s’t is related to the mean square blocked pressure
<pél>s,t incident on the fuselage by
2 - 2 )
Pe>s.t = <Pp1’s,t”
The noise reduction of the fuselage for the one-third octave band

at center frequency w is given by Equation 18 in Ref.[1].
Expanding the expression for Ty, gives



2

[ ,Tev pmn 2
1
17s,t o (w) A2T' " (n,r)

ext
M2D
r nr

2.4 7
P _ 2P1%01

A2
DIEADD
n r

<p CwV2

>
e s,t

(10)
- b_-b ) =b_(c_=-c.)
x ‘r°n in 2en(PrPp n_r o arctan
nn
c_-cC 2¢c_(b_=b_ ) =b_(c_=-c..)
+ <11 r\1in + ( rn r r'n -r arctanr ,
u ] try,.2
“(ﬂr +nlNe]
where & is the fuselage surface area and A is the interior
(cylinder + floor) coupling area.
For n or r = J,
|(1+cw/2)“m“+bj(l+cm/2)2w2+cj‘ ]
ln, = 1n s
J N _ e [
| (1=c /2) % +bj(1 c, /2)%w cJ]
1 (2+c )sz—uw§ 1 (2-cw)2w2—u%3
arctan; = tan” 2 - -tan ] -
NsWs n,w
JJ Jd
- =n! . = =
where when j = r,nj above =n, 4-n;f, and when J n, nj n -
Also,
= - 2 - _
Dnr (cr cn) + (bn br)(bncr brcn) s

o
il

- 2 . = . 2

r 3
N + n? : =yt [ 1 'R 2]
n=o, (I+n) 5 c =0 |1+ (0] +nl")

¢}
i}

The expression for f'(n,r), including the floor transmission loss
is given in Equation (3), and the expression for the exterilor
reverberant field joint acceptance [jfi(w)]oxt is given in
Equations 62-73, Ref.[1] using the speed of sound, cgg, for

the exterior pressure field.



For high frequencies, when the acoustic modal density 1is high,
the model was developed along the lines of [4,7,8]. The power
absorbed on the interior wall of the fuselage is given by
Equation 22 of Reference [1], assuming that the response is
resonant acoustic. Structural modes resonant below the frequency
band (r<Aw) and resonant in the frequency band (relw) are
included. The noise reduction at the one-third octave band
frequency w is given by

2

<p.> Py C 2 rev
e s,t _ as 4, _I oE .. <A—Jz(w)>.
Lp.c P C r\M r int
<pi>s t 170l 2 r reldw
3
o 2 rev =2 rev
D D (T it
oE r int r ext
r<Aw
wn rev Az rev
N s 2
I (B2 ) -(— .3 <w>)
2¢ Inr < ext M °r int>
relAw relw
. (B
TS Mo Tdpl® ﬁ— Jp(uw
ol r<hw r int r ext

(11)

2, TEV . . . L2 eV
where (A JP(“D)int is given by Equation (9) and (JPF&))ext
is given by Equations 62-73 in Reference [1] using the exterior
speed of sound cy,g. The exterior air density is DE.
The band average absorption coefficient o is associated with the
absorbing surface area S.

2.4 Noise Reduction due to Boundary Layer or Progressive Wave
Excitation Fields

The development of the noise reduction due to an exterior field
such as boundary layer or progressive wave excitation 1is very
similar to that for the reverberant field excitation. In this



case, the blocked pressure <pél> is used, rather than the

exterior pressure <pe and the exterior field Jjoint acceptance
(8)] xt must be used in place of the reverberant field

JOlnt acceptance in Equation (10). This gives

2 2
<Py’ ¢ _ DI oI 2: 2: [J (w) ext £t (n,r)
<p2 > c V2 )
bl s,t r nr
c_-c 2c_(b_=b_) -b_(c_=-c.)
X ( = n)ln n_r n n_r . n arctan_ (12)
)4 n + 2 n
Unnwn
+

¢, ¢ 2c_(b_«b_) =b_(c_=c_)
n r
< lnr + ( r.n o r.n r arctanr s
Lin' ¢ 11,2
(ﬂr n. )wr
where the functions b,c,D, 1ln are defined in Equation (10). The

exterior field joint acceptance is defined in Section 2.8 for
boundary layer and progressive wave excitation.

Again for high frequencies, an expression similar to Equation
(10) is developed, and the noise reduction is given by

<p?.> Py C A2 rev
bl’s,t . ) _es PI SE <__.J AN
<p? . upIcOI PE Cot r\M int
i s relAw
2 rev - rev
Cr— Y (@) ()
oE rehw r int r ext
p-wn - £ 2 rev
I 'r €
* = <<ﬁ-‘ 2 (w) ) o= 232 (w) >
be Np r T ext r int
relw reldw
0T 2 Tev =2 ef
* Ime }E: %’ =32 () ﬁ* 3 (w)
oIl ot r int r ext (2

3)



( ,. Tevy . . ef
where \A®jp(w) )it 1s given by Equation (9), and (prwyﬁxt
is given in Section 2.8. : N

2.5 Four Element Sidewall

2.5.1 Sidewall Transfer Matrix

In Appendix A, Ref.[1], the sidewall transfer matrix is developed
for a single trim element consisting of insulation and a limp
mass. For present purposes the sidewall may be represented by up
to 4 elements, each element being made up of a layer of insula-
tion (or air) lined with a limp, dissipative mass.

The transfer matrix across all the elements is given by

1 i
P> 81181270 | 11210 812812 [211%127 (P2
Y2/ . L%2%22d L321%02]) . L221%02] [20p205 ) (g
n n-1 2 1
1
8118121 {P;
= S
818221 ("1

where 1 is the element in contact with the skin, n is the finish-
ing element in the cabin, and p and w are the pressure and dis-
placement at the points shown in Figure 1. The coefficients

@11 etc. are defined in Ref.[l1], and are dependent on the
acoustical properties of the materials used and the mass and loss
factor of the limp mass lining. The complex wave impedance, W,
and the propagation constant, vy, of the insulation are required
for the coefficients aj] etc., where

Y = o - d2n/2 (15)

The amplitude and phase of W, the attenuation o in dB/m and the
wavelength Ay may be calculated using [9, p.258 on]. .

-10-
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2.5.2 Sidewall Stiffness

The sidewall transfer matrix method developed in [1] assumed that
the inner lining was a limp mass, and did not originally include
the stiffness of an inner wall. The transfer matrix across a
stiff lining may be represented by

Py 1 mt(wz—wé) + iwzntmt 1
- (16)
Wy 0 1 Wy
where my = mass of lining
wy = fundamental resonance frequency of lining, and
nt = loss factor associated with lining.

This approximation assumes that the lining is locally reacting as
before.

The inner wall resonance frequencies are calculated for a curved
panel extending from floor to floor. Because of the strong
curvature, the lowest frequencies would typically have many
half-wavelengths in the circumferential direction from floor to
floor and one half-wavelength in the axial direction.

The inclusion of the fundamental wall resonance frequency in the
transfer matrix reduces the effective mass of the inner wall and
hence raises the double~wall resonance frequency slightly.
However, the effect on the transmission loss of the sidewall is
small. Thus inner wall stiffness is not included in the final
analysis.

2.6 Loss Factor for Structure with Trim

The analytical model [1] introduces a total structural loss
factor, np, when a trim is present on the sidewall. This loss

L

-12-



factor replaces the structural loss factor, nnp, which repre-
sents dissipation in the structure when there is no trim.
According to the analysis in Ref.[1],

1

2 I
n 2 - lcwl 20w n
r

- r 2 (17)
2,4 2
muw r m wr

where C, = CS + 1 C%, and m is the average surface mass of

the structure.

When predictions were compared with data from scale model tests
performed at NASA Langley (see Appendix E of [1]) it was found
that the computed values of n; were much greater than measured
values at low frequencies (Fig.E-17 of [1]). Consequently an
upper limit of n; = 0.15 was introduced into the analytical
model.

Further analysis by L.D. Pope [private communication] indicated
that, since the trim was present only on the sidewalls, and not
on the floor, the parameter m in Eq.(17) above should exclude the
floor. He replaced m in Eq.(1l7) by

m=nm (18)

M
where My is the generalized mass for mode r of the total struc-
ture (shell plus floor) and M: is the corresponding generalized
mass for the region of the structure covered by trim. The analy-
tical model has been modified to incorporate Eq.(18).
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2.7 Joint Acceptance for Fuselage Floor with Reverberant
Excitation

The structural modes of the fuselage with floor are derived in
Appendix D, Ref.[1]. The symmetric mode shape of mode r for the
floor is assumed to be a finite series of the form

v (z,x) = sz :E: Cpr cos %15 (19)
P

and the antisymmetric mode is

n¥
v (z,x) = sin M%E E Cﬁg sin %;5- ' (20)
n=1 P

where z is the axial coordinate measured from the forward end of
the fuselage and x is measured horizontally from the floor center
in the lateral direction. The width of the floor Ly is given
by

Lp = 2a singg

where 685 1s the floor angle measured from the bottom center-

line. The coefficients CPF are the generalized coordinates for

Mr
mode r obtained using Appendix D, Ref.[1].

The reverberant field joint acceptance for the floor is gilven by

Js 2() = —L _/b(XIX',w)w (X)v" (X)dxax! (21)

where C(x|x';w) is assumed separable in the axial and transverse

directions and is given by

C(Z|F;0) = sin k(z-z') . sin k(x-x') (22)
k(z-2') ‘k(x-x")
where
k = -2
Cor
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The joint acceptance may be written in the form

rev rev rev
J2(w) = Jyw) Z Z Chin cﬁg Ininy (@) (23)

The axial component of the JOlnt acceptance is given by [10] as

rev
Jule) = I, 0 + T,(M) + I,(m) (24)

where
1
21MkL

fl

I, (M) {Cin(kL + Mm)-Cin|Mn-kL |}

L}

Ig(M) kL {Si(kL + Mm)-Si(Mmw-kL)}

2k

1-(-1)McoskL
(Mm)2-(kL)?

I3(M)

Si and Cin are the sine and cosine integrals [11].

The lateral component of the joint acceptance Jnan?Z) for
symmetric modes is
L, (25)
- i
gt + 2 [ I BT T,
P 1 72 p 1Y
“Lps2

and for antisymmetric modes is

p/2 sin k(x.=-x.) n,mx n.mx
J .]]f 1 2 . gin2-L.gin-2 2-dxldx2(26)

k(x —x27 Lp Lp

2
n1n2 L2
It is necessary to evaluate the cross-terms of the lateral joint
acceptance, when nj 7 no, since the individual component mode

shapes for the floor are not necessarily orthogonal to one
another.
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Evaluating the integral in Equation (25) for symmetric modes

gives
2 - >
j = == si - —£— (1-cos kL
JO’O(w) i Sl(kLp) — (1-cos p)
P k<L
b
3 2 =_1_'..___ + - s - kL
Jn,n(w) 2kLp [Si(nn kLp) Si(nm k p)]
' (27)
cosnm _ _
- L [Cin(nn + kL) - Cin(nm kLp)]
l-cosnm coskL
+ D
2.2 _ 1,272
nem k Lp
1 . .
J2 o (w) = . A(Sl(n m+kL_)=-Si(n.m=kL_)
o nkLp(ni—ng) 1 b 1 p )

- B(Cin(nln+kLp)—Cln(nlw—kLp))
+ A(Si(n2n+kLp)—Sl(nzﬂ-kLp))

+ C(Cin(n2w+kLp)—Cin(nzw-kLp)) }

and Equation (26) for antisymmetric modes gives

—
XL

jgn(w) [Si(nn+kLp)-Si(nﬂ—kLp)]

2kL_nm

+ <COSOT | gy (nm+kl_)=Cin(nm-XL_)
D p P

l-cosnm coskL

+ p
2,.2_4.272
nw‘-~k Lp
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1
je (w) = -D(Si(n m+kL_)=-Si(n,n-kL ))
n.-n 2_.2 1 p 1 P
172 TrkLp(nl n2)
-C<Cin(nl1T+kLp)-Cln(nl1r-kLp))
(28)
-D(Si(n21r+kLp)—Si(n2'n-kLp)>
+B(Cln(n2w+kLp)—Cin(nzﬂ—kLp))
where
ide) ™ T ™
_ . 1 2 1 : 2
A = nl sin 5 cos 5 = nzcos 5 sin 5
™ ™ ™ m™m
- 1 2 . 1 2
B = n:L cos 5~ COS—5 + n251n 5 sin 5
™ ﬂn2 nnl wn2
C = n1 sin 5— sin—s + nzcos 5 cos—3
wnl ™™ ™ nnz
D = n1 coSs 5 sin 5 = n231n 5 cos 5

Using Equations (24), (27) and (28) in Equation (23) gives the
floor joint acceptance for reverberant field excitation.

2.8 Joint acceptance for fuselage with exterior excitation
field

The joint acceptance, describing the coupling between the exter-
ior excitation field and the fuselage structure is defined by

J2(w) = Xlz-f[C(ili';w)wr)i)wr(i')d;cdi' (29)
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The correlation function is assumed separable in the axial and

circumferential directions and is of the form

c(x|x' Cz(z—z',w) Cy(a(e—e‘),w)

Cz(z—z',w) Cy(y—y',w)

where z is the axial coordinate, & 1is the angular coordinate
relative to the fuselage bottom centerline and y = ab is the
distance around the circumference of the fuselage.

For a reverberant (diffuse) excitation field, the correlation

functions are

W

' _ sin k(z-z') _
Lt _ sin k(y-y')
Cy(y y',w) K(y-y"') (31)

For boundary layer excitation, the correlation functions for the
axial and circumferential directions are given by Cockburn and
Jolly [12] as

- 2
Vo) = 0.1 s
C,(z-2',u) = exp -{( Ui) s 03“) ; Iz-Z'I]cosﬁw—(z—Z') (32)
o c
) ) [ [(0.72 2uh\2)*
Cy(y v'iw) exp ‘( Li) ( T¥ ) } ly-y'l] (33)
where U, = axial trace velocity

s¥* boundary layer displacement thickness

The preceding analytical formulation can be readily modified to
represent progressive wave excitation where the waves propagate
in the»axial direction. Although this excitation is not applied
in the present investigation the analysis 1s included here for
completeness. An analytical representation of this form was used
to describe the pressure field over the Aft Cargo Carrier of the
Space Shuttle [13], where the source is random and extends over a
large volume to the rear of the vehicle.
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In the axial direction, the correlation function is

= w _
C, (z-z',w) = exp -czﬁ—]z-z'[]cosﬁL (zmz ') (34)
z z
where Uz = axial trace velocity
Cy = axial decay parameter

In the circumferential direction the field is assumed reverberant
with a correlation function as in Eq. (31).

The structural modes of the fuselage are derived in Appendix D
Ref.[1]. The symmetric mode shape of mode r for the fuselage
wall is assumed to be a finite series of the form

%
v (z,8) = sin M%E fi: Cﬁg(—l)n cosn®d (35)
1= U
and the antisymmetric mode is
M D3
v (z,8) = -sin —%5 Cﬁg(—l)n sinng (36)
o=

where M = number of longitudinal half-wavelengths for mode r
n = number of circumferential wavelengths in the fuselage
shell
n* = maximum number of circumferential wavelengths used
to represent mode r
Cig = fuselage generalized coordinate for mode r associated

with n

The joint acceptances for the axial and circumferential direc-
tions may be calculated independently for mode r using

n 2
HOESHODY (cf&i) 32 (w) (37)
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where the axial joint acceptance is given by

M Mmz
.2 -1
JM(w) = —3¥[]” C, (z - 2,w) sin— “1 *sin— 2 -dz,dz, (38)

and the circumferential joint acceptance terms are

v 2ma 2ra cosnyl cosny2
2
iZ(w) = Jf -/’ C (y Y., w) a a Yay.a 3
& (2ﬂa)2 1o ._ny ny V195, (39)
0 0 sin"v1 sin v 2;
a a

Terms in cosgg-and sin®¥ refer to the symmetric and antisymmet-
a :
ric modes of the fuselage respectively. Unlike the floor Jjoint

acceptance in Section 2.7, cross terms, are equal and

+ 2
Jnina(w)s
opposite in sign to jg2nl(w), since Cy(yl-yz,m) is an even
function, and hence do not appear in Eq.(37).

2.8.1 Axial joint acceptance for reverberant field excitation
The axial joint acceptance is given by [10] as

zrev - + M

Iy (w) Il(M) + I2(M) 13( ) s

where

{Cin(xL + Mm)-Cin|Mn-kL |}

I, 2erL

I,(M) kL {Si(KL + Mm)-Si(Mn-kL)} (40)

21

1—(—1)McoskL
(Mm)2-(kL)?

I3(M)
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Si and Cin are the sine and cosine integrals [11] and k = w/C g

is the acoustic wavenumber.

2.8.2 Axial joint acceptance for boundary layer or progressive

wave excitation

The correlation function from Egs.(32) and (34) may be written in

the general form

-A]zl-z

Cz(z -22,w) = e 2'005% (zl-zz) (41)

1

where

U = convection or trace velocity

and for boundary layer excitation

e {(0g) - () )

For progressive wave excitation

The axial joint acceptance is given by [14] as

. AL
Jﬁ(w) = ———E;—; Py {l—(-l)Me cos%L }
(M) AM
;
| A7 gypwl 4 M7
+ M(-l)Mqu sin=; + 5 rMAM (42)
where :
[ 2] 2 r T2
- wL \? AL wL
by = | 1 (UMﬂ) ¥ (MTT) -4 o
L 4 ]
. ; - -2 2
_ _ (oL AL wlL AL
Py 1 <UMHF'+ (Mn) -4 UMn M
" o - o
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_len })AL wL \*, (AL
ay = UMn] [Mn] [l‘(UMn) + (M'n)

b

2
e WL AL\
Ty Mn] 1 +<UM7r) ¥ (MW)J

2.8.3 Circumferential joint acceptance for reverberant field

Joint acceptance

The circumferential Jjoint acceptance is given by [10]. For

symmetric modes

_ Si(2mka) _ (l-cos2mka)

jé(w) - mka 2(mka)? for n = 0
. (43)
Jp(w) = I,(n) + I.(n) + I,(n) for n # 0
And for antisymmetric modes
Jiw) = I,(n) + Ig(n) + I (n) (L)

where

I,(n) = m {Cin [27r(n+ka)] - Cin[27r(n—ka)]}

12<n> = E?rTl{é' {Si[2ﬂ(n+ka):| - Si [27r(n—ka)]l
T_(n) = l-cos2tka
3

(2mn)2-(2nka)?

2.8.4 Circumferential joint acceptance for boundary layer

excitation

The correlation function from Eq.(33) may be written as

Cy(yl-yg,w) = e-B,yl-ygl (Ll5)

5 = {(0.072 6%)2 . (o.giu)z };i
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Let
§ = 2maB

Expanding the techniques used in [10], the circumferential joint
acceptances, for symmetric modes, are given by

-3

s 2 _ 2 282 (1-e" ")
J0<w> ‘E‘-—'——g-z———-
32(p) = 8 . 282(1-e"%)
n

(2mn)? + &2 [(2nn)2 + 52]2 (46)

and for antisymmetric modes
2(q_no=0

jé(w) - S + 2(2m)*(l-e ) (47)

(2mn)2 + 62 [(2m)? + 52)°
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3.0 SUMMARY OF METRO II TEST

The noise transmission test conducted by Prydz et al [5] on a
Fairchild Metro II fuselage was performed in an anechoic chamber
using an electropneumatic acoustic source. Aspects of the test
relevant to the present study are given here for ready refer-
ence.

3.1 Test Fuselage Structure

The test structure consisted of a section of a Fairchild

Metro II fuselage with a special floor installed about one foot
above the structural floor level of a Metro II in airline ser-
vice. The special floor could be rigidly attached by brackets
to the frames along the full length of the fuselage structure or
mounted on air mounts which were located on the structural floor
of the fuselage. Cross-sections through the test fuselage are
shown in Figure 2 for the attached and isolated floor configura-
tions.

The fuselage shell is of conventional aluminum skin-stringer-
frame construction. Basic structural properties of the shell
are listed in Table 1. Structural loss factors were measured
by Prydz et al [5] for the baseline (bare) fuselage; empirical
values are given in Table 2. As part of the test program, the
surface density of the structure was increased by the addition
of a sheet of iron-oxide vinyl with a surface density of

4.88 kg/m2. Measured loss factors for the structure with
added vinyl are given in Table 3.
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TABLE 1 - OUTER WALL STRUCTURAL PROPERTIES OF
METRO II TEST FUSELAGE

Units Values
Item S| English 8! English

Cylindrical structure

Diameter m {f1) 1.68 (5.5)

Length m {f1) 9.02 (29.6)

Skin thickness cm {in.) 0.102 (0.040)

Surface density of skin kg/m2 (psf) 2.78 {0.57)

Surface density skin plus stiffeners kg/m2 {psf) 4.53 (0.94)
Frames

Spacing tm (in.} 38.1 {15)

Depth cm {in.} 5.08 (2)

Cross sectional area em? (ind) 0.884 {0.137)

Area centroid (re:  skin Q) cm {in.) 2.835 {1.116)

2nd area moment (re: skin §) emd (in%) 9.303 (0.2235)

Torsion constant em? (in) 0.0030 (0.73 x 104
Stringers

Spacing cm (in.) 18.3 {(1.2)

Depth cm {in.) 2.223 (0.875)

Cross sectional area em? (inz) 0.716 (0.111)

Area centraid (re: skin §) cm {in.) 0.772 {0.304)

2nd area moment (re: skin §) em? (in%) 0.11804 {0.00286)

Torsion tonstant em? (in%) 0.00450 (0.108 x 10'3)
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TABLE 2 - DAMPING VALUES FOR BASELINE (BARE)
FUSELAGE OUTER WALL

Dua! Panel Grid

Circumferentia! Grid

Frequency Loss Factor Frequency Loss Factor
{H2) (%) {Hz) (%)
129.39 2.18 40.00 8.11
158.69 1.37 83.01 6.79
258.79 1.97 146.48 4.74
285.64 0.58 222,17 245
307.62 1.38 266.11 2.27
341.80 1.66 287.85 1.98
356.45 1.31 405.27 3.79
383.30 1.28 42480 2.9
446.78 2.18 446.78 1.94
493.16 2.25 493.16 2.31
561.52 0.97 556.64 1.74
686.04 0.:93 607.91 1.36
778.81 1.72 671.38 0.50
800.78 245 708.01 1.32
808.10 0.78 756.84 0.83
843.61 1.08 781.25 0.91
891.11 0.80 908.20 1.32
910.64 1.87 1037.60 1.00

1037.60 1.23 1137.70 0.1
1069.34 1.84
1110.84 1.63
1164.55 0.87
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TABLE 3 - DAMPING VALUES FOR FUSELAGE STRUCTURE

WITH VINYL SHEET ON EXTERIOR

Singie Pane! Grid

Frequency Loss Factor Frequency Loss Factor
(Hz) (%) (Hz) (%)
65.92 8.33 825.20 4.80
87.66 11.85 834.96 1.9

275.88 3.79 852.05 1.70
305.18 5.15 866.70 1.52
429.69 347 888.67 0.63
456.54 7.20 847.27 496
571.28 2.60 957.03 5.41
676.27 2N 1101.07 0.82
773.93 3.73 1164.55 2.00
810.55 0.62 1191.41 9.29

TABLE 4 - INTERIOR ABSORPTION COEFFICIENTS

Reference Sound
Decay Method Source Method
Frequency
(Hz) Bare interior Added Interior Absorption Added Absorption

200 0.14 0.22 0.35
250 0.13 0.38 0.32
315 0.14 043 0.44
400 0.10 6.32 0.29
500 0.10 0.32 0.51
630 0.14 0.34 0.34
800 0.10 - 0.33 0.27
1000 0.10 0.31 0.28
1250 0.09 0.34 0.28
1600 0.10 0.38 0.26
2000 0.08 0.39 0.26
AVG 0.11 0.34 0.33

Based on a transmitting area of 28.9 m® (311 £t2) Sqp = 0.6nD, L.
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3.2 Test Floor Structure

The cabin floor used in the Metro II tests consisted of plywood
panels (1.9 cm, 0.75 inch thick) on steel I-beams. Cross-
sections through parts of the floor are shown in Fig.3. The 7.6
ecm (3 x .17 inch, 1.98 1b/ft) deep beams supported the floor
panels in the transverse direction on a typical spacing of 1.2m
(48 inches). The two 15.2 ecm (6 x .23 inch, 4.3 1lb/ft) deep
beams were placed in the longitudinal direction, near to the
edge of the floor panels and the air mounts (see Fig.2(b)).

Rigid connection between the floor and fuselage shell was
achieved by bolting the plywood floor panels to brackets on the
frames along the fuselage. For the "floating" floor configura-
tion the transverse I-beams rested on air mounts with low reson-
ance frequencies.

3.3 Excitation

Two excitation acoustic fields were used during the Metro II
tests [5] -~ (a) random, broadband and (b) deterministic, dis-
crete frequency. The latter excitation is of interest here. The
sound levels were generated using an electropneumatic source
coupled to a horn which was pointed towards the fuselage (Fig.4).
The deterministic field had strong spatial characteristics which
were intended to simulate those of a propeller noise field.
Longitudinal and circumferential spatial distributions of sound
pressure level are shown in Fig.5. In the case of the longi~
tudinal distribution, the sound levels are free-field values,
whereas for the circumferential direction the sound levels were
measured on the test cylinder and include reflection effects.

The test section of the fuselage exposed to high intensity

acoustic excitation is 3.66 m (144 in) long, with the noise
source at the center of the test section (Sta. 377.3).
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3.4 Interior Treatment

The interior treatment of the test fuselage consisted of a
double-panel sidewall with a fiberglass blanket and airspace 1in
between. Sections through the sidewall are shown in Figure 6.
The fiberglass had a fiber diameter of about 2 microns and a

flow resistance of approximately 257 mks rayls/cm.

The baseline interior trim panel consisted of an aluminum panel
with a thickness of 0.089 cm. Additional material, in the form
of one or two sheets of vinyl impregnated with iron oxide, was

added to the trim panel for nolse reduction parametric studies.

The acoustic absorption within the fuselage was increased by the
installation of open-pore Scott foam placed on the floor near
the sidewall, along the full length of the cabin. Interior
absorption coefficients measured 1in the test fuselage with and
without the foam material installed, are given in Fig. 7 and
Table 4. These are normalized to the curved surface transmitt-
ing area of 28.9 m2 (311 ft2).

3.5 Test Configurations

Nine test configurations were investigated by Prydz et al [5].
These configurations are listed in Table 5. The first six con-
figurations are associated with a floating floor (suspended on
air mounts) and a floating trim (supported by the floor). Since
the analytical model assumes that there is no structureborne
path between the fuselage structure and the trim panel, it forms

a reasonably good representation of the floating trim.
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TABLE 5. TEST CONFIGURATIONS
Surface Density, kg/m?(psf)
Configura-
i tion No. Outer Wall Inner Wall Floor Trim
0l 02 Configuration
1 4.590% (0.94) 2.25%% (0.46) |Floating|Floating
2 4,59 (0.94) 7.13 (1.46) |Floating|Floating
3 4,59 (0.94) {12.01 (2.46) |Floating|Floating
4 Q.47 (1.94) 2.25 (0.46) |Floating|Floating
5 9.47 (1.94) 7.13 (1.46) |Floating|Floating
6 9.47 (1.94) |12.01 (2.46) |Floating|Floating
7 Q.47 (1.94) 7.13 (1.46) |Attached|Disconn.
8 9.47 (1.94) 7.13 (1.46) |Disconn. |[Attached
9 9.47 (1.94) 7.13 (1.46) |Attached|Attached

¥ Baseline (bare) outer wall surface density.
¥% Baseline (bare) inner wall surface density.
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4.0 ANALYTICAL REPRESENTATION OF METRO II TEST STRUCTURE

4,1 Fuselage Shell

The fuselage shell was modeled as a cylinder of uniform thick-
ness, representing the skin and 'smeared-out' frame and stringer
areas. Additional bending stiffnesses representing 'smeared-

out' frame and stringer bending stiffnesses were included.

Using the structural data in Table 1, the baseline configuration

was:

1]

4,59 kg/m2 (0.94 psf)
Actual skin thickness 0.1016 em (0.04 in)

Equivalent (skin & stiffener) thickness= 0.1640 cm (0.064 in)

Additional stiffener bending rigidity

Surface density of skin and stiffeners

EI

e + -
Spacing Dactual Dequivalent
stiffener skin skin

1.7655 x 10% N.m
4,4822 x 102 N.m

"

Additional frame bending rigidity

1l

Additional stringer bending rigidity

For configurations where vinyl was added to the outer wall, the

only change made to the analytical model was to the mass, the
total surface density becoming 9.47 kg/m2 (1.94 psf). The

skin thickness and stiffnesses were assumed to be unchanged.

4,2 Floor Structure

4,2.1 Attached Floor
The attached, or fixed, floor was modeled as a uniform plate

connected to the fuselage along its longitudinal sides. The
floor could either be hinged along the attachment line or
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rigidly connected so that there was no relative rotation between
fuselage and floor along the attachment line. Since the
brackets connecting the floor to the frames (see Figures 2(a))
occur at approximately 38.1 cm (15 in) intervals, the floor was
assumed to be hinged along the attachment line.

The plywood floor, 1.905 cm thick (0.75 in), was assumed to have
the following characteristics:

Density 544.6 kg/m3 (34 1b/ft3)

1.103 x 1010 N/m2 (1.6 x 10° 1b/in )

Young's Modulus E

It
(e

Poisson's ratio

Typical moment of inertia for 0.30m (l2-inch) wide plywood
panel = 8.782 x 10-8p4 (0.211 ink)

The transverse floor support beams had an average spacing of
1.224 m (48.2 in) and were 7.6-cm I-beams (3 x .17 in,

1.98 1b/ft). Two 15.2-cm I beams (6 x .23 in, 4.3 1b/ft)
supported the floor longitudinally along the edges, 0.508 m
(20 in.) from the floor centerline. The floor had a width of
158 cm (62.2 in) and was 28 cm (11 in.) below the fuselage
centerline; the radius from the center of the fuselage to the

floor/fuselage Jjunction made an angle of 70.5° to the vertical.

The stiffeners were again assumed 'smeared-out' over the floor

giving, for the fixed floor,

Surface density of floor + stiffeners 20.879 kg/m2

L}

Actual floor thickness 1.905 em (0.75 in)
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Equivalent (floor + stiffener) thickness 4,012 em (1.58 in)

1.0081 x 105 N.m
1.5790 x 106 N.m

Additional transverse bending rigidity
Additional longitudinal bending rigidity

4,2.2 Floating Floor Representation

Although the plywood floor was located 28 cm (11 in) below the
fuselage centerline, the floating floor was supported on air
mounts attached to the structural floor (Figure 2). It was
assumed therefore that the floating floor connection to the
fuselage occurred 68.6 cm (27 in) below the fuselage centerline
and that the floor had a width of 96.4 ecm (37.95 in); the radius
to the floor/fuselage junction made an angle of 35.1° to the
vertical. ’

The same total mass was used as for the fixed floor, thus in-
creasing the surface density of the equivalent narrower floating
floor. No information was available on the structural floor of
the fhselage, but 1t was assumed to be at least as stiff as the
fixed floor. [Photographs in Figs. 4 and 6 of Ref.[5] show
closely spaced circumferential frames and longitudinal stiff-
ness in the structural floor]. The same beam stiffnesses were
taken as for the éttached floor, with a spacing of 38.1 em (15
in) for the transverse beams and a spacing of 50.8 cm (20 in)
for the longitudinal beams. The parameters used were .

"

Surface density = 34.328 kg/m2

4,915 em (1.93 in)

Equivalent plywood floor thickness

Additional transverse bending rigidity 3.9536 x 105 N.m

3.1613 x 100 N.m

Additional longitudinal bending rigidity
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4,3 Structural Modes

The structural modes of the fuselage with the floating floor
were calculated with and without the vinyl added to the outer
skin. The modes are calculated using displacement series for
both the shell and floor displacements [1], allowing 14 terms
for the shell and 5 terms for the floor. The fuselage was
assumed to be freely supported at its ends, allowing axial
displacements.

The number of axial half-wavelengths, M, was varied from 1 to
10, and the first 20 symmetric and 20 antisymmetric modes were
calculated for each value of M, giving a total of 400 modes.
Tables 6, 7 and 8 list the first 16 modes for the floating floor
models, without and with add-on vinyl on the outer skin and for
the fixed floor with add-on vinyl. These tables 1list only the 5
largest coefficients associated with the circumferential shell
displacement series and the 3 largest for the transverse floor
displacement series, which are used in calculating the fuselage
response.

Figure 8 shows the first four structural mode shapes for the
floating floor configuration with add-on vinyl, for both

fuselage and floor. At these frequencies, the heavy floor is
acting as a rigid mass.

4.4 Measured Structural Modes

Some mode shapes were measured [5] using circumferential grids

and rectangular panel grids. It was not possible to compare the
mode shapes measured by the panel grid with calculations, but a

comparison was made for the mode measured by the circumferential
grid shown in Figure 9.
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TABLE 6. STRUCTURAL MODES FOR FLOATING FLOOR CONFIGURATION

CALAC 4iTrue UlANETER leboMs LENGTH 9¥y FLUATING FLUOOK MODEL.

MIuE FReQ Mdut Sttcbi PLATE GENERALLZeU MASS (KG)
NU  tHZ) TYPe MooN Cmi M N CHN TOTAL SHitLL W PLATE w
1 37.05 SYMm I 1 J.blc¢db 1 0 +36513 20728017 35.24797144.70867
1 2 —e4'42386 1 1 « 03219
1 3 ~410472 1 2 « 00383
1 4 406250
1 5 -.UZZL?
2 63.31 SYmA 1 2 55320 1 1 =,02700 34.,71538 23.86738 «21441
L 1 «31796 L 0 =-.01l97u
1 3 .16779 1l 3 .G600v1
1l 4 =,04760
1 > N FYVEE]
3 68.26 SYMM 2 2 0807 2 0 «.71010 142.84940 45,91989 B84.23744
2 3 .17508 2 1 -.Ob"b‘o
2 4 =.llbism 2 2 =.00063
2 1 =«03906¢5
2 5 «041)4d7

“ 77.50 ANTI 1 2 =.%0737 1 1 =.0920% 40.52281 27.50887 « 57172
1 l ~a333067 i 2 + 00506
1l 4 =e26404 LI 3 «C0u938
1 5 L02030
L 6 =,02110
5 110447 ANTI 2 2 =~.52841 2 1 =.01106 32.H0658 264417796 «00365
2 3 =e434066 2 ¢ 400514
2 1 =41li789 2 4 =,00063
2 5 403890
2 4 =-.03737
6 111.10 SYMM 3 2 83584 3 0 -.77703 160,32208 40.94124107.73928
3 4 =-,ld8870 3 1 =4112%5
3 1 =.0939% 3 2 -.02188
3 5 L0801l
3 3 -.01809
7 113.19 ANT! L 3 52148 L 1 =.08977 54.,48301 29.77090 «b65431
1 1 =,43217 L 2 ~4GCCa4qy
1 2 «23057 1 3 4C007%
1 & JU7784
1 5 —,u44b0
8 128.86 SYMM & 3 33402 2 0 J18lll 29.49626 16.93045 6479309
2 2  e3UbJb 2 1 +C4913
¢ 1  ec33v0 2 2 00878
Z 4 elloni2
Z b -00‘030"
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TABLE 6. STRUCTURAL MODES FOR FLOATING FLOOR CONFIGURATION
(Continued)

CALAC METRU. ULAMETER ll.ooMsy LENGTH 9M, FLOATING FLUUR MUDEL.

MJUe  FREw LI TR ShtlLt PLATE GENERALIZED MASS (KG)
NU  tnZ) Tybe 4 N CHu M N CHMN TOTAL SHELL W PLATE »
9 l48.74 ANTI 3 3 4552493 3 1 =410557 32.46110 26.80793 «87220
3 2 hlo4d 3 2 -.00303
3 4 L.10416 3 3 .00077
3 5 =.03238
3 1 02200
10 150,08 SYMM 1 3 «60l04 1 1 14830 43,0L100 32.41922 5.91548
1 4 35581 1 0 09829
1 1 '013273 1 2 000676
1 5 ~-.08230
1 3 -001033
11 15%.91  ANTI 1 3 =.87068 1 1 L.4l8l4 263.86270 51.82781 13.07471
1 2 31225 1 3 =-.00223
1 & ~e29636 1 2 .00L10
1 L -.07620
1 5 02808
12 158.01 SYMM 3 3 W53727 3 1 JLOB48B3 27.99393 22.04181 2.85620
3 2 W23816 3 0 08109
3 4 423208 3 2 .00543
3 5 =.09570
3 1 03986
13 158.09 sSymm 4 2 =.49888 4 0 +70446 137.,90877 31.43707100.30573
4 3 44505 4 1 417600
4 4 432343 4 2 03333
4 5 =,12543
4 1 .08467
14 167.87 ANTI 2 3 «50933 2 1 —.4l638 48.57781 25.81028 12472050
2 1 =434493 2 2 00339
2 2 =.23570 2 3 .00188
2 4 .19515
15 16G9e15 SYMHM 2 3 b 3493 2 1 13796 45.45452 33.25248 «43477
2 4 37926 2 0 =+C50060
2 1 —.37336 2 2 =.00437
2 2 _1193‘05
2 9 =.050065

lo 1B2.58 ANTI

i 3} ~.552448 1 1 «997uu lB3.19356 27431395 72.33242
1 2 35548 1 2 -.01273

1 &4 =-.,20l8n 1 3 =.0U0c0b

1 1 =~e11l0681

1 5 =.08v16
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TABLE 7. STRUCTURAL MODES FOR FLOATING FLOOR CONFIGURATION
WITH ADD-ON VINYL

CALAC METRUO. DIAMETER 1.68M, LENGTH 9My FLOATING FLOOR MOUDEL + ADD=-ON VINYL

MODE FREQ MODE SHELL PLATE GENERALIZED MASS (KG)
NO  (HZ} TYPE M N CMN M N CMN TOoTabL SHELL W PLATE o
1 32.13 SYMAM 1 1 .64654 L 0 +96994 278.29085 74.03199145,35486
1 2 =«47337 1 1 .02818
1 3 =.11099 1 2 .00287
1 4 ,05622
1 5 -~,01876
2 44,16 SYMM 1 2 56427 1 0 -.04084 71.41508 49.79321 «50673
1 1 .30361 1 1 -.026137
1 3 .1717?5 1 3 -.00094
1 4 -,04852
1 5 401044
3 54.18 ANTI 1 2 456622 1 1 .08586 82.29264 56.55245 «49373
1 1 .32882 1 2 -~.00507
1L 5 =.02647
1 6 .02125
4 55475 SYMNM 2 2 87515 2 0 =.61247 179.81035 93.,29758 61.82873
2 3 .22858 2 1 =.04934
2 4 =.09274 2 2 =.00461
2 1l =.03944
2 5 .02793
5 7693 ANTI1 2 2 52744 2 1 00938 67.61390 54.61740 «00225
2 3 43582 2 2 =.00510
2 1 11754 2 4 +00063
2 5 =.03893
2 4 03737
6 84440 ANTI 1 3 53673 1 1 -.08989 103.49498 60.79194 «65393
1 1l =e42439 1 2 =.00433
1 2 24797 1 3 .00093
1 4 .08991
1 5 -.04624
7 92.62 SYMM 3 2 -.88854 3 0 65631 193.25515 94.40269 72.73724
3 3 =.17947 3 1 .,06557
3 4 L11794 3 2 01107
3 5 =«04007
3 1 .03%01
8 97.22 SYmM 2 3 42761 2 0 432422 68.22456 35.98336 19.62781
2 1 426654 2 1 05933
2 4 17779 2 2 .00862
2 2 17645
2 5 =.03%306
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TABLE 7. STRUCTURAL MODES FOR FLOATING FLOOR CONFIGURATION
WITH ADD-ON VINYL (Continued)

CALAC METRU. DIAMETER l.68My LENGTH 9My FLOATING FLOUR MUUEL + ADD=~ON VINYL

MUDE Fked MODE SHELL PLATE GENERALIZED MASS (KG)
NU (H2) TYPE M N CMN M N CHMN TOTAL SHELL W PLATE
9 104413 ANTI 3 3 e54l47 3 1 -.08738 64499790 54.51492 +59896
3 2 +42153 3 2 -.00263
3 4 .10854 3 3 .00092
3 5 «.03203
3 1 02847
10 106.96 SYMM 1 3 67031 1 0 415933 B86.72721 69.77585 8.24122
1 4 38591 1 1 .11365
1 1 -.11950 1l 2 .00548
1 5 =.07790
1 2 =.02692
11 113.13 SYmM 3 3 .60288% 3 0 .21069 70.82922 53.95066 10.59583
3 4 L31993 3 1 .08481
3 2 09800 3 2 00622
3 5 =.06578
3 1 04207
l2 118.98 SYMM 2 3 =.50907 2 0 10587 95.55769 67.98480 ¢ 46419
2 1  .40924 2 1 =-.08537
2 4 =.37481 2 2 +00434
2 2 .18629
2 5 042106
13 124.05 ANTI 2 3 —.4b0676 2 1 430973 75.85460 50.06625 6.90991
2 1 .32713 2 2 =.00573
2 4 =.25978 2 3 =.0025%6
2 2 22371
2 6 03674
14 130,09 SYMM 4 3 07465 4 0 432579 102431225 71.81968 22.52389
4 4 41778 4 1 09602
4 5 =-.06906 4 2 +00749
4 2 =.04954
4 1 .02212
19 133.98 ANTI 4 3 .56383 4 1 -.11020 59.57925 51.03835 « 89649
4 2 «29939 4 3 00118
4 4 213383 4 2 00051
4 6 =.01329
4 7 01160
16 134,72 ANT! 1 3 =.59529 1 1 34732 199.24715 96.71058 8.53262
1 4 =.50007 1 2 -.00997
1 2 43139 1 3 -,00248
1 1 =.231206
1 9 =~408406
(S
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TABLE 8.

STRUCTURAL MODES FOR FIXED FLOOR CONFIGURATION
WITH ADD-ON VINYL

CALAL MuTRU. DIAMETER le68My LENGTH 9%, FIXED FLDOUR. TREATED OUTER WALL

49U
4

1

FREW
(HZ)

294l

41.95

55.96

6le 4t

62425

64,492

bbel4

76.51

MjE
TYPE

SYMu

ANT]

SYMmM

SYsM

SYMM

ANTI

SYMM

ANT ]

[

NN NN e s NNNNRRN b b e b e e s s b

el

re

SHELL

SN Now [o I 3 L TVl V' PN N DN e oW PP W N [ N T Y]

[a i B N

CHN

«87014
-aU7418
- 07742

VU257

sOUbIL

e82319
«23Un
—eUbb49
+ 02335
-« 00580

-+0C010
-«0C007
-+UC007

«UUu0
-+ 0COV0

~e 00024
-e U024
« 0C009
«0C001
« 00001

YYED)
e4334y
v 12589
~e03115
«01743

~e 73836
«27349
-el11395
-.07023
«01107

«57550
« 99667
~el43405
-e 03127
=eU1375

eb1391
03975%
~al433n
- eJ24i)Y)
«0737

M

-

NN N — o oN Lol o ]

~—

PLATE

ti  CHMN

0 66780
2  «03421
4 =-,C0211
1 .45835
3 ~.CC257
b «C0033
1 1.60009
0 ~.CC008
2 =.CC001
1  «89970
0 +G0026
2 +CC004
0 =e11K73
2 ‘001997
4 +COl16
1 =+40852
3 -eCOUBY
5 «CC011l
U = 558‘92
2 —409542
4  +C0562
1 -.15105%
3 ~.CC171
5 «CC022

—43=

GENERALIZED MASS (KG)

TO0TAL

SHELL w

PLATE W

320.41060 86+55836139,5415%

131.69440

74.43335

74. 44376

57.49203

121.00588

138.75995

B89.35244

86422150

«00000

«00001

45.,28598

82.14910

71475489

63.65314

15.63568

74.43335

T4.44374

2.05478

16433745

46.98641

L.69812



TABLE 8. STRUCTURAL MODES FOR FIXED FLOOR CONFIGURATION
WITH ADD~-ON VINYL (Continued)

CALAC METKU. DIAMETER l.60dMy LENGTH 9M, FIXED FLOUR. TREATED OUTER wALL

bt FRtw MUUE Sl PLATL GENERALIZED MASS (KG)
N () TYPLE M N CaN M N CFN ToTaL SHELL w  PLATE w
9 7700 SYMHM 3 3 ~.00007 3 1 +99993 74.,43382 « 00000 74.43382
: 3 2 =.00u006 3 0 4CCU00b
3 4 L0000} 3 2 +CCo01l
3 1 sUuUI]
3 6 =-.uG0uUY
10 Ylelb SYANM 3 3 L.ouB73 3 0 -e51053 125419129 71.206489 40,1149
3 2 W5U954 3 2 ~4l3499
3 4 =.UbLL8L 3 4 .00777
3 1 =eU05409
3 O YY)
11 93,494 SYMM 2 1 349023 2 0 38l71 76452660 33.74691 23.40918
2 2 W30020 2 2 e15249
2 3 4{9719 Z 4 -.00817
2 4 J07544
2 H =.Udb6YT
12 9852 ANT1 3 2 =e55749 3 1 =442017 95.70690 68.58229 13.14369
3 3 L.54305 3 3 =,000635
3 4 W06l68 3 5 .Co0s8l
3 6 ~.00806 ’
3 1 =-.0C6u4
13 99.61 ANT] 2 3 01803 2 1 ~.05609 64.33322 53.75372 «23428
2 4 419610 2 3 =.00144
2 1 «19Y1e5 2 5 LC0018
2 2 slalle
2 6 ‘002395
l4 107.51 ANTI 1 3 =-,0l1621 1 1 =.81054 342.56263 59.14559 48,96392
1 1 .32d9% 1 3 -4,02909
l “ --l"l?‘ﬁ 1 5 000362
l b6 4024945 4
1l 5 =-,0105%3
LY 1C7.79 SYMu 4 3 ~.060U% 4 1 +96995 T74.43382 « 00000 74.43382
4 4 LuCuu2 4 2 +CC001
4 1 L0C0U1
4 5 =-,00000
lo 115,48 ANTI 1 4 4,553 1 1 =.325164 120437357 74.5428% 9.22010
i 3 c"d&’b L 3 -3015‘!0
1 1 -.31304 1 % 4CQly0
1 2 «20l169
1 6 =-.04%08

=44
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CALAC METRO.

DIAMETER Le68Msy LENGIH YMy FLUATING FLUUR MUODEL + ADD-ON VINYL

MJOE NUMBER 1

FREQUENCY = 32.1243 SYMMETREC MUDES M= 1
SHELL W FLOOR W
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CALAC METRU. DIAMETER 1.6dMy LUNGTH 9M, FLULTING FLUUR MUDEL + ADU-UN VINYL

MODE NUMBER 2
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FIGURE 8. CONTINUED
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CALAC METRU. DIAMETER 1.68My LENGIH 9IMy FLOATING FLUUR MODEL + ADD-UN VINYL
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FIGURE 9. MEASURED CIRCUMFERENTIAL MODE SHAPE AT 83 Hz FOR
BARE FUSELAGE STRUCTURE [5]
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This mode was assumed to be symmetric so that the displacements
normal to the fuselage could be averaged for the 2 sides and
then normalized to a maximum value of 1.0. Figure 10 compares
the measured mode shape with that calculated for the fuselage
shell only (no floor), for M = 1 and n = 3. Figures 11, 12

and 13 compare the measured mode shape and frequency with
corresponding calculated values for the floating floor, rigid
joint model, and the attached floor, rigid and hinged Jjoint
models. The comparison suggests that the floating floor model
puts too large a constraint on the fuselage below the floor
line. However, because of the uncertainty regarding the identi-
fication of the order of the measured mode, it is difficult to
make any definitive conclusions. The uncertainty in measured
mode order is one factor influencing the agreement between
predicted and measured resonance frequencies. It is interesting
to note that the measured frequency (40 Hz) of the lowest order
mode of the structure is close to the predicted values of 35 Hz
for the fixed floor and 37 Hz for the floating floor.

4,5 Structural Loss Factors

Measured structural loss factors for the baseline (bare) test
structure are listed in Table 2. The data show large variations
from frequency to frequency, and different values were obtained
using different test methods. Thus, some averaging, smoothing
and interpolation was performed in one-third octave frequency
bands in order to obtain input data for the model. The result-
ing average loss factors are given in Table 9. Also, the aver-
age loss factor curve 1s shown superimposed on the test data in
Fig. 14. The average loss factors for the increased density
test structure are also shown in Table 9.
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TABLE 9

AVERAGE STRUCTURAL LOSS FACTORS FOR FUSELAGE

Average Loss Factor

Frequency (Hz) Baseline Increased Density
50 0.0771 0.0833
63 0.0725 ~0.0833
80 0.0679 0.1000

100 0.0390 0.1185
125 0.0218 0.0920
160 0.0306 0.0670
200 0.0245 0.0510
250 0.0212 0.0379
315 0.0141 0.0515
400 0.0224 0.0347
500 0.0210 0.0720
630 0.0102 0.0266
800 0.0122 0.0213
1000 0.0148 0.0373
1250 0.0089 0.0565
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4.6 Floor Structural Modes used in the Analytical Model

The floating floor configuration introduces an inconsistency in
the analytical representation of the coupling between floor and
cavity modes. The acoustic modes in the cavity are determined
by the physical presence of the plywood floor, which is located
28 em (11 inches) below the fuselage centerline. In contrast
the weight of the plywood floor is supported on fuselage struc-
ture which is below the test floor line. Thus, for structural
modeling purposes, the floor line has been taken at a distance
of 68.6 cm (27 inches) below the fuselage centerline. The
inconsistency arises because the model calculates the coupling
factor between the structural and acoustic modes and, therefore,
the physical dimensions for the two sets of modes must corre-
spond.

To overcome this inconsistency, 1t was assumed that the floor
mode shape, calculated for the floating floor at a lower
position on the fuselage structure, could be applied to the
actual plywood floor. The transferred mode shapes were assumed
to have the same frequencies and maximum deflections, but the
corresponding modal wavelengths were increased in direct propor-
tion to the increases in the effective width of the floor. The

structural/acoustic coupling factor was then calculated for the
assumed mode shapes for the plywood floor and for the fuselage

shell above the plywood floor only. The actual generalized mass
for the floating floor was used in calculating the response.

4,7 Sidewall Treatment

The analytical representation for the sidewall treatment is dis-
cussed in Section 2.5, and the required parameters required for
the insulation are identified in Eq.(15). Values for these
parameters used in the analysis of the Metro II test fuselage
are given in Table 10 for the fiberglass material and the alr-

gap. -
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TABLE 10. ACOUSTICAL PROPERTIES OF SIDEWALL ELEMENTS

TRIM INSULATION TYPE-
FIBERGLAS. FIBER DIAMETER 2 MICRUNS,
FLOW RESISTANCE 25700 MKS RAYLS/M

FREQUENCY ALPHA LAMBOA MUO (W) PHASE(NW)
H2 v/ M MKS RAYLS DEG
50.0 1.0 20620 1000.0 2620
63.0 1e3 1.6500° 1001.0 290
80.0 2.0 1.3300 1002.0 3.80
100.0 4.0 1.0610 1005.0 4450
125.0 7.0 «8500 101l.0 6¢30
L60.0 11.0 6700 1017.0 8.20
200.0 17.4 «5339 1018.0 10.50
25060 2840 «4500 1010.0 13.00
315.5 43.0 «3700 988.0 16.00
400.0 6045 « 3048 977.8 19.00
500.0 85.0 «2650 955.0 22430
630.0 111.0 «2250 925.0 25.10
8400.0 138.0 e 1948 880.,9 27.50
1000.0 lo6.0 1650 821.0 28420
1250.0 190.0 «1480 75640 28.30
1600.0 2l6.2 «1267 702.8 28.00

TRIM INSULATION TYPE-

AIR GAP
FREQUENCY ALPHA LAM3DA MUD(w) PHASE(MW)
HZ DB/ M M MKS RAYLS DEG
50.0 0.0 6.8600 413.0 0.00
63.0 0.0 5¢ 4440 413.0 0.00
80.0 0.0 4,2880 413.0 0.00
100.0 0.0 3.4300 413.,0 0.00
125.0 0.0 247440 413.0 0.00
160.,0 0.0 241430 413.0 0,00
200.0 Ve 0 1.7150 413.0 0.00
250.0 0.0 1.3720 413.0 0.00
315.5 0.0 1.0889 413.0 0.00
400.0 0.0 « 8575 413.0 0.00
500.0 0.0 « 6860 413.0 0.00
630.,0 0.0 e 5444 413,.0 0.00
800.0 0.0 «4288 413.0 0.00
1000.0 0.0 3430 413.0 0.00
1250.0 0.0 02744 413.0 0.00
1600.0 0.0

e 2144 413.0 0.00
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The sidewall model was not used to calculate the acoustic loss
factors of the modes in the cavity, but it was used to calculate
the transmission loss through the sidewall and the effective
damping of the sidewall on the structure [1, Appendix A].

The mass of the interior trim lining was changed for the differ-
ent sidewall configurations, as shown in Table 1l. These masses
can be used, in a simplified analysls, to estimate sidewall
resonance frequencles based on a mass-spring-mass model,

2
Y \/ pec (m1+m2)
dw 2T dmlm2

where d 1is the distance between the panels of surface density
m; and mp. The resulting frequencies are listed in Table 1l1.
The mechanics of the analytical model for sidewall transmission
are, however, somewhat different in that the model utilizes the
trim mass in the trim. transfer matrix (Eq.(16)) and, thence, in
the trim transmission coefficient (Egq.(A.6)[1]) and the damping
of the outer panel (Eq.(17)).

The loss factor associated with the lining was taken as 0.50 in
all cases. This value might be high for the sidewall
configuration without add-on vinyl but, as the mass-spring-mass
double wall resonances lie below 200 Hz, the effect of lining
loss factor will not be too important.

The lowest resonance frequencies of the inner trim panel were

calculated for the test section, as a 3.66 m long (144 in)
curved panel extending from floor to floor. Because of the

strong curvature, the lowest frequencies were found to be about
50 Hz for the modes with one half-wavelength in the axial direc-
tion and 10 to 15 half-wavelengths from floor to floor. When
the effect of the fundamental resonance frequency of the wall
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was included in the transfer matrix, the effective mass of the
inner wall was reduced and the double-wall resonance frequency
was ralsed slightly. However, above 200 Hz, the effect on the
transmission loss of the sidewall was small; thus the inner wall
stiffness was not included in the final computatlons.

TABLE 11. SIDEWALL RESONANCE FREQUENCIES

Configuration Surface density, kg/m2 Double-Wall
No. Outer Wall | Inner Wall Resonance, Hz

1 4,59 2.25 193.5

2 4.59 7.13 142.3

3 4,59 12.01 130.4

4 9.47 2.25 176.3

5 9.47 7.13 117.9

6 9.47 12.01 103.3
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4,8 Cavity Model
4.,8.1 Cavity Modes

Resonance frequencies and mode shapes for the acoustic modes
inside the fuselage were computed using the finite difference
method developed for the analytical model. Examples of the
predicted modes are shown in Figure 15 for modes with zero axial
half-wavelengths (q = 0) in the cavity for the first 12 circum-
ferential modes (1 = 0 to 11).

A total of 400 acoustic modes were included in the analysis, for
q=0to 19 axially, and 1 = 0 to 19 circumferentially, where

no of axial half-wavelengths
assigned order of 2~dimensional modal pattern
in cylinder cross section.

b0
L} 1}

Because of the length of the cavity, 9.02 m (29.6 ft), the 400
acoustic modes cover only the frequency range 19 Hz to 670 Hz.
Calculations made using the low frequency modal model (indivi-
dual acoustic modes) will therefore not be valid above the

500 Hz one-third octave band.

4,8.2 Acoustic Loss Factors

Acoustic absorption coefficients were measured by Prydz et al
[5] for the bare and treated interiors of the test fuselage.
Two methods were tried, one being the use of a standard sound
source of known acoustic output power and the other being the
sound level decay method. The decay method was used for the
bare interior, and both methods were applied to the treated
cabin. Resulting data are presented in Table 4 and Fig.7 where
it is seen that the two methods can, at some frequencies, give
quite different values.
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Data from Table 4 and Fig.7 were combined to provide a mean
absorption coefficient spectrum over the frequency range of
interest. The absorption coefficient a was then converted to
the associated acoustic loss factor Np by means of the
relationship

_ acoS

"n = TV

where V is the volume of the cavity (14.08 m3) and S the
transmitting surface area (28.9 m2), Values for the mean
absorption coefficient and acoustic loss factor are given in

Table 12. These empirical loss factor data were used as input
to the computation process instead of using the analytical model
itself to calculate acoustic loss factors on the basis of the
dynamic characteristics of the trim panels. This approach of
inserting empirical acoustic loss factor data as data input was
used because much of the acoustic dissipation within the test
fuselage was provided by the foam placed along the edges of the
floor, rather than by a uniform distribution over the sidewall
treatment. The analytical model was not designed to cater for
the test situation.

It should be noted that the value of area S used to compute o

was not the total surface area in the cavity. The value was
assoclated with the curved, transmitting area since this was the

area used by Prydz et al [5] to calculate average values for the
absorption coefficient a.
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TABLE 12.

ACOUSTIC ABSORPTION COEFFICIENTS AND LOSS FACTORS FOR THE
INTERIOR OF THE TREATED TEST FUSELAGE

Frequency (Hz) Absorption Coefficient Loss Factor
50 0.005 0.00280
63 0.01 0.00445
80 0.015 0.00525
100 0.02 0.00560
125 0.03 0.00672

160 0.08 0.01401
200 0.285 0.03992
250 0.355 0.03978
315 0.435 0.03868
400 0.305 0.02136
500 0.415 0.02325
630 0.34 0.01512
800 0.30 0.01050
1000 0.295 0.00826
1250 0.31 0.00695
1600 0.32 0.00560
2000 0.325 0.00455

—66-




5.0 ANALYTICAL REPRESENTATION OF METRO II TEST EXCITATION

The analytical model requires that the exterior acoustilc
pressure field be described at a series of points on a grid
covering the sidewall of the cylinder. The description of the
field is given in terms of the free field pressure amplitude and
phase for a particular frequency of interest, the model having
been developed for harmonics of a propeller blade passage
frequency. The grid points (k,%) used for defining the pressure
field are shown in Figure 16, the grid spacing being 0.1463 m
(5.76 in). In the case of the Metro II tests, the point (8,1)
was 1.3 m from the electropneumatic noise source; for applica-
tion in this model, the pressure field was described over a
region of the fuselage approximately 1 meter forward and aft of
the noise source.

Free field test data were provided for the Metro II along the
longitudinal axis of the grid point array and "blocked" pres-
sures along the circumferential direction. These data are shown
in Figure 5. Since.the model requires that the acoustic
pressures be free field, the circumferential pressure
distribution was converted to an equivalent free~field pattern
using the inverse of the eguation contained in the computer
program (see Eq.(43) of [11]).

(48)

Prree

0.3 -=0.000224 ¢0.08y
Pp1k ‘ 10[ 3 e ]

where Y is the "incidence angle" in degrees, which in this case
is the angle between a line connecting the center of the horn to
the grid point on the fuselage and the normal to the surface at
that point, (see Figure 17). The calculated reflection effects
in the vertical plane containing the noise source axls are given
in Table 13. Furthermore, the three distribution patterns shown
in Fig. 5(b) for three frequencies were normalized relative to
peak values, and an average spatial distribution was calculated.
This was then combined with the reflection effect to give an
estimated circumferential free field distribution in Table 13.
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TABLE 13

CIRCUMFERENTIAL VARIATION OF FREE FIELD PRESSURE

Reflection Average Measured Estimated
Grid Point effect spatial variation free field
(aB) (dB re max) variation
k 2 (dB re max)
8 10 0 -18.9 -12.9
8 9 0 -17.1 -11.1
8 8 0 ~14.8 -10.0%
8 7 2.6 -12.9 -9.5
8 6 4.6 -9.9 -8.5
8 5 5.5 -6.8 -6.3
8 4 5.8 -4,0 -3.8
8 3 5.9 -1.3 -1.2
8 2 6.0 -0.2 -0.2
8 1 6.0 -0.0 0
¥ Interpolated value
TARLE 14
AXTAL VARIATION OF FREE FIELD PRESSURE
Grid Point Axial Distance Free Field
K 2 From Source Plane Variation
(m) (dB re max)
8 1 0 0
9 1 146 -.45
10 1 .293 -1.30
11 1 .439 -2.65
12 1 .585 -4.30
13 ; 1 .731 -6.40
14 1 .878 ~8.35
15 1 1.024 -10.70
16 1 1.170 -12.30
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The longitudinal free field distribution from Fig. 5(a) is given
in Table 14. It was assumed that the maximum pressure at any
longitudinal station was defined by Fig. 5(a), along the grid
line (%=1). It was also assumed that the circumferential free
field distribution could be applied at any longitudinal station,
so that the pressure amplitude at all grid points could be
calculated. A maximum sound pressure level of 134 dB was
assumed for the array as a whole. The actual value of the
maximum level was not critical to the analysis because only
noise reduction was being calculated. The 134 dB level was
chosen as a typical value used in the test program.

Phase angle data were not available from the Metro II test.
Consequently, an analytical model had to be constructed for
relative phase angle at each frequency of interest. This was
accomplished by assuming that the sound field consisted of
spherical waves originating in the horn. The distance from horn
to the grid fuselage structure was calculated for each grid
point and converted to relative phase using the appropriate
values for the speed of sound and frequency. In this case the
relative phase angle 1s the same for similar grid points above
and below the grid longitudinal centerline; the two phase angles
would have different values for propeller noise because of pro-

peller rotation.

The "blocked" pressure amplitude and phase calculated for the
frequencies 383, 766 and 1149 Hz are shown in Table 15. It can
be seen that the amplitude falls off 11 - 12 dB over the axial
distance covered by the grid points.
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_18 170,00  112.2 11445 11he5 11Buh  120e3 12106 12244 122.9 122.4 121.6 120.3 118.6 11645 114¢5 112.2 110.6
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14 130,00  122.2 124.6 126hs6 128,88 130.5 1318 132,77 133,27 13247 131e8 130.5 128.8 12646 12446 1222 120.5
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70,00 127.9 130.3 132.3 1344 136.1 137.4 138.3  138.7 713843 "137.4 13641  134¢% 132.3 13043 127.9 12643
60.00  125.1 127.5 129.5 13147 133.3 134.7 135.6 136.0 135.6 134.7 133.3 131.7 129.5 127.5 125.1 123.5
50,00 122.2 124s5 12646 128.8 130.5 131.8 132.7 13342 132.7 _131.8_ 130.5_128.8 126.6 12446 122.2 12045
40,00 1191 121.5 12305 12507 127.4 12848 7129.6 7130017 12946 12848 127.4 125.7 123.5 121.5 119.1 117.4
30,00 11642 11846 12046 12247 124¢% 1258 126,6 12741 12646 125.8 124.4 122.7 120.6 118.6 116.2 114.5
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19 180.00 128.2 105.8 86.3 70.1 5743 48,1 42,5 40.6 42,5 48,1 373 70,1 86.3 105.8 128.2 153.6
18 170,00 77.2 53.5 32.9 15.8 2.2 352.4 34€.4 34h,4% 346.4 352.4 22 15.8 32.9 53.5 77.2 103.9

17 160.00 25.0 359.9 338.0 319.8 305.3 294.R 288.4 286.2 288.4 294.8 305.3 319.8 338.0 359.9 25.0 53.1
16 150.00 333,11 30%.,4 283,01 263.6 2440 23he7 229.9 227.6  229.9_  236.7 248.0_263.6 283,01 306.4 333.1 2.9
15 140.00 28343 25449 23001 20941 19243 L1A0GL 17247 L7062 172¢7 18041 1923 209¢1 2301 2599 283¢3 314.9
14 130.00 237.7 207.6 1H1.0 153.5 140.5 127,49 119.3 116.% 1h9.3 127.4 140.5 158.,5 1B1l.0 207.6 237.7 271.1
13 120,00 19B.6 166.8 138.,6 114.6 9543 81.2 7245 69.6 2.5  81.2 95.3  114.6 138.6 166.8 198.6 233.17

172 119,00 168.4 135.1 105.5 B80.2 53.8 44,7 35,5 3.4 35.5 A6 ,7 959.8 80.2 105.5 135.1 168.4 205.0
11 100.00 149.2 114.9 8443 58,1 36,9 21.2 11.6 8.4 11.6 21.2 36.9 58.1 B4.3 114.9 149.2 186,8
10 90.00 142.7 108.9 77.0 50,5 290 13.1 3.3 0.0 3.3 13.1 29.0 50.5 77.0 108.0 142.7 -179.4
3 B0.00 1e9.7 1la.9 84,3 501 1647 PTLed T TLeb 7T T BT T el T 2162 3649 T 561 8403 114.9 189.2 ~173.2
8 70.00 168.4 135.1 10%.5 80,2 59,8 44,7 35,9 32.4 35.5 44,7 598 B0.2 105.5 135.1 168.4 =155.0
7 60,00 -161l.4 16b.8 138.6 1ll4.t 9543 Ble2 72.5 69.6 72.5 Ble2 9543 114.6 138.6 166.8 -161.4 ~12643
6 50,00 ~122.3 -152.4 -179,0 158.5 140.5 1t27.4 119.3 116,56 119,33 12744 7140.5 158,55 =179.0 ~152.4 ~122+3  ~88.9
5 40.00 ~76.7 =105.1 ~130.0 ~150.9 ~167.7 ~179.9 172.7 17042 172.7 =179.9 =~167e7 =15049 ~130.0 =105¢1 ~=76e7 =451
'Y
3
2
1

30,00 -2649 =53e6 =7649 =96.4 =112.9 ~123.3 ~130.1 -132.4 =130.1 =12343 ~112.0 ~96.4 =76.9 =53.6 =26. 9 249
20,00 25.0 ~el =220 40,70 SNR,T  ShN T T=TLle6 T3 B T =Theb ~65%.2 =54,7 —40.2 =22.0 -.l 25.0 53.1
10.00 71.2 53.5 32.9 15.8 242 ~leh =136 =156 =-13.6 -7.6 2.2 15,8 32.9 53.5 77.2 103.9
0.00 128.2 105.8 91643 70.1 n?.3 44,1 42.5 40,6 42.5 48,1 57.3  70.1 86.3 105.8 128.2 153.6

TABLE 15. SIMULATED PROPELLER BLOCKED PRESSURE AMPLITUDE AND PHASE



-E L..

14
4,341

211.5
107.0
359.7

25248

149.8
55.1
333.5
270.2
229.8
-144,1
'13012
"89-8
-2645
55.1
149.8
-107.2
-eJ
107.0
-148.5

PROPELLER HARMONIC 2 AT 766.0 H2 L o _ i
CIRCUM, AXTAL LOCATION
LOCATION K= 1 2 3 4 2 b o8 09 ke L 12 13
L THETA 7=2.439 2.586 2.732 2.878 3.025% 3171 3.317 3,464 3.610 3.756 3,902 4,049 4.195
PRESSURE _AMPLITUDE, 08 RE 20 MICRO PA
19 180.00 110.4 112.8 114.7 1146.8 118.5 119.8 120.6 121.1 120.,6 119.8 118.5 116.8 114,7
_18 170,900 11202 1455 116,535  118.6  120e3  121.6 1224 122.9 1224412146 12043 L18.6_ 116.5
L7 160,00 L13.3 L15.7 11746 L19e7 L2lefr 12247 1235 124.0 123.5% 12247 121.4 119.7 117.6
16 150.00 1162 " 1186 120.6 122.7 124.% 12%.8 1266 127.1 126e6 125.8 124.4 122.7 120.6
15 140,00 1191 1215 123.5 125,727 12744 1288 __129,6 _130.1_ 129.,6 12848 _127.4_ 125.7 _123.5
14 130.00 12242 12446 12606 128.8 130.5 131.8 132.7 133.2 132.7 131.8 130.5 128.8 126.6
13 120.00 125.1 1275 129.5% 131.7 133.3 1347 135.6 136.0 135.6 134.7 133,.3 131.7 129.5
12 110.00 1279 130.3 132.3 134.4 136.1 137.4 13843 138.7 138.3 137.4 136,1 134.4 132.3
11 100.00 129.0 131.4 133.3 135.5 137.1 138.5 139,33 139.8 139.3 138.% 137.1 135.5 133.3
10 90.00 129.2 131.6 133.6 135.7 137.3 138.7 139.5 140.0 139.5 138.7 137.3 135.7 133.6
9 80,00  129.0 131.4 133.3 135.5 137.1 138.5 139.3 139.8 139.3 138.5 137.1 135.5 133.3
8 70.00 127.9 1303 132.3 134.4 136.1 137.4 138.3 138.7 138.3 137.4 136s1 134.4 132.3
T 60,00 1251 127.5 129.5 131.7 133.3 134.7 135.6 136.0 135.6 134.7 133.3 131.7 129.5
6 50,00  122.2 124,56 126.6 12848 13045, 131.8 132.7 133.2 1327 13148 130.5 128.8 126.6
5 40.00 119,101 1215 123.5 1257 127.4 128.8 129.6 130.1 129.6 1288 127.4 125.7 123.5
4 30.00 116.2 118.6 120e6 1227 1249 125.8 126eh 1271l 12646 1258 124.4 122.7 120.6
3 20,00 113,43 115.7 117.6 119.7 121.4 122.7_ 123.5 124.0 123.5 122.7 121.4 119.7 117.6
Z 10.00 112.2 114.5 11645 118.6 120.3 1216 1224 122.7 122.4 121.6 120.3 118.6 116.5
| § 0.00 110.4 112.8 114.7 116.8 118.5 119.8 120.6 121.1 120.6 119+.8 118.5 116.8 114.7
PHASE (DEGREES)
19 190,00 256¢5 2115 172.6 140.2 114,7 96,2 B5.0 8l.3 A5.0 96,2 118.7 140.2 172.6
18 170.00 154.4 107,0 h5«9 31.6 4% 344%.8 332.9 328.7 332.9 344.8 h.4 31.6 65.9
17 160,00 500 359.7 3L6e.l 27745 250495 229.5 216.8 212.5 21648 229.5 250.,5 279.5 316.1
16 150400  306,2 252.8 20642 1671 136.0 113,4  99.7 951  99.7 113.4 136,0 167.1 206.2
15 140.00 2Ubets  1l47.H 100.1 58,2 247 e3 345.5 340.5% 345.5 -3 24,7 58.2 100.1
14 130.00 115.4 55.1 2.0 317.1 281.1L 25%4.7 238.7 233.3 238.7 25%.7 28l.1 3i7.1 2.0
13 120.00 37¢3  333.5 27742 22942 19047 1624 145.0 139.2 145.0 162.% 1907 _229.2 277.2
12 110.00 33he8  270.2 211.0 160.4 119.6 8945 71.0 6%.8 1.0 89.5 119.6 160.4 211.0
11 100,00 298.5 229.8 148.7 116.3 73.8 424 213.2 16.7 23.2 4244 73.8 116.3 168.7
10 90.00 14,7 ~14441 154,1 101,00  58.0 _ 2hel _6s6 0.0 6.5 26e.) 58,0 101.0 154.1
9 80.00 —hleY =130.2 1h8.7 1106e3 /3.8 hle4 23e2 16.7 23.2 424 73.8 116.3 168.7
8 70.00 -23.2 -87.8 -149.03 160.4 117.6 Bl.% 71.0 64.8 7l.0 89.5 119.6 160.4 -149.0
7 60.00 3703 S2he5  =H2.8 =130.8 -169.3 16244 _145.0_ 139.2 185.0 162.4 =169.3 -130.8 -82.8
6 50.00 115.4 5541 240 =42,9 =7TH.9 =10%.3 =121e3 ~126.7 ~-12143 ~105.3 ~=78.9 ~42,.9 2.0
5 40,00 “153.‘0 14944 l‘)U.l HH L2 2’0.7 3 -14.5 -19.5 -14.% o3 Z‘l-? 58042 10001
4 30.00 ~53,8 =1067.¢ =153.8_ I67el _136.0__113e4_ 99.7 951 99,7 113,4 136,0 167.1 -153.8
3 Z20.00 2060 ~e3 =43, —HUWH —Lk07. —139e¢5 ~143.2 ~147eYH% -143.2 =-130.5 ~109.5 ~80.,5 =-43.9
2 10,10 1%4.4 107.0 hhe 1.6 4.4 =-15.2 =27.1 =31l¢1 —27.1 -15.¢ 444 Ji.6 65.9
1 04UV ~103e5 ~L143.5 17246 16042  LL4e7 _ 9542  85.0  Ble3 85,0 96¢2 1l4e?7 140,2 17246
TABLE 15. CONTINUED

15
4.408

110.4
112.2
113.3
116.2
119.1
122.2
125.1
127.9
129.0
129.2
129.0
127.9
125.1
122.2
119.1
116.2
113.3
112.2
110.4

256.5
154.4
50.0
306.2
206.6
115.4
37.3
336.8
298.5
~-T4,7
_61Q5
-23.2
37.3
L15.4
~153.4
-53.8
50.0
154.4

-103.%

16
4.634

108.8
110.6
i11.7
L14.5
L17.4
120.5
123.5
126.3
127.3
127.6
127.3
126.3
123.5
120.5
117.4
114.5
- 11Lbe7
110.6
108.8

307.2
207.7
106.2
5.8
269.7
18242
107.5
5040
13.6
l.1
L3.6
20.0
L07.5
-177.8
"90.3

10602
=152.3
-52.8
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PROPELLER HARMONIC 3 AT 1149.0 HI N
CIRCUM, AXTAL LOCATION
LOCATION K= 1 2 3 4 5 6 18 9 10 11 12 13 14
L THETA Z=24439 2.9086 24732 2.878 3.025 3,171 3.317 Je464 3.610 3.756 3.902 4.049 4,195 4,341
PRESSURE AMPLITUDE, DB RE 20 MICRO PA e
19 180,00 110.4 112.8 114.7 11648 118.5 119.8 12046 121.1 120.6 119.8 118.5 116.8 114,7 112.8
18 170,00 11242 11445 116.,5 118.6 12043 121eh 1224 12249 _122.4 _}21.6 120,33 11B.6 116.5 114.5
17 16V.00 11303 115.7 11746 119e7  12Lle® 12247 123495 12440 123.5 122¢7 121e4 11947 117.6 115.7
16 150400 11642 11846 120.6 122.7 12947 1298 12646 1271 126e6 1258 124.4 122.7 120.6 118.6
15 140,00 1191 1215 12345 125.7 12744 1288 12946 1301  129.6  128.8 127.4 1257 _123.5 121.5
14 130.00 122.2 12446 126h.h 128.8 130.5 13L.8 1327 133.2 132.7 1318 130.5 128.8 126.6 124.6
13 120.00 1251 127.5 129¢% 131.7 133¢3 13447 1356 136,0 1356 134.7 133.3 131.7 129.5 127.5
12 110.900 127.9 13043 132,3 134.4% 136.1 137.4 138.3 139.7 138.3 137.4 136.1 134.4 132.3 130.,3
11 100,00 129.0 131.4 13343 13%.9% L37.1 138.% 139.3 139.8 139.3 138,55 1371 13%.5 133.3 131,4
10 90.00 1292 131.6 133.6 135.7 137.3 134.7 139.5 140.0 139.5 138.7 1373 135.7 133.6 131.6
9 80,00 1290 131,4% 13343 13545 1371 138,5 139¢3 1398 139.3 138.5 137.1 135.5 133,3 131.4
8 70.00 127.9 130,33 132.3 134.4 136.1 137.4 138.3 138.7 138,33 137.4 136.1 134.4 132.3 130.2
7 60,00 125¢1 12745 129.5 13147 133.3 134.7 135.6 136.0 135.6 134.7 133,33 1317 129.5 127.5
6 50.00 122.2 12446 12h.6 12848 130.5 131.8. 132.7 13342 132.7 131.8 130.5 128.8 126.6 124.6
% 40,00 119, 1 121.5 143.5 125.7 1Z7.4 1288 129.6 130.1 1296 12848 127.4 125.7 123.5 121.5
4 30,00 1162 L118.6 12046 12247 12%.4% 125.8 126.6 127.1 126.6 125.8 124.% 122.7 120.,6 118.6
3 20.00 113¢3 1157 11746 119.7 121e4 122.7 123.5 124,0 123.5 122.7 1214 119.,7 117.6 115.7
2 10.00 112.2 114.5 116.5 118.6 120.3 121.6 122.% 122.9 122.4 121.6, 120.3 118.6 116.5 114.5
1 0.00 110.4 112.8 11l4.7 116.8 118.,5 119.8 120.6 121.1 120.6 119.8 118.5 116.,8 114,77 112.8
TTTTTUPHASE (DEGREESY T T T
19 180.00 24,7 317.3  259.0 21044 172.0 18443 127.5 1219 127.5 144.3  172.0 210.%  259.0 317.3
i8 170.00 231.6 160.5 98.8 47 .4 6.6 33742 31943 313.3 39,3 337.2 6.6 AT, 4 98.8 160.5
17 160.00 74,9 399.6 294.1 239.3 195.8 164.3 145.2 138.7 185.2 164.3 195.8 239.3 294.1 359.6
16 150.00 27942 139.2 12944 707 2441 35042 32946 3227 329.6 35042 24,1 T0.7 129.4 199.2
15 140.00 129.9 @4.7 310,27 267e¢ 217.9 1H0.4 1%8.2 150.7 158.2 180.4 217.0 267.2 1330,2 44,7
14 130,00 353,2 262.7 143.1 115.6 Hlef 22.1 358.0 349.9 354.0 2241 6le6 115.6 183.1 262.7
13 120,00 23%.,9 1490.3 55¢8 34349 286540 24345 21746 208.8 217.6 243.5 286.0 343.9  55.8 14043
12 110,00 145.3 §5.2 J16.5 2%40.6 179.3 134,72 710646  97.2  106.6 134.2 179.3 240.6 316.5 45,2
11 100.00 B7.7 346,77 253.0 174.4 1107 3.7 14,8 25.1 34.8 63.7 110.7 174.4 253,0 3J44.7
10 (,0000 68.0 "3')01 -1280" 1‘11.5 Bbl"’ .’"-Z 909 0 0 ‘).‘) 39.2 8609 151.5 -126.9 "3601
9 80.00 A7.7 <153 =107.0 17a.4  1id 7 7 783,77 4.8 25%.1° 34,8 63.7 110e7?7 17444 =107,0 =-15.3
8 ,0-00 145o3 45.2 ‘h3-5 ‘ll?oq llqoj 13“-2 106.6 ?7 l 106.6 13602 l7q'3 '11?06 ‘43 5 *5'2
7 650,00 =-124.1 140, 95.8 =16a.1 -74.0 —116¢5 —142+% =151s2 =142.4 =11645 =74.0 =~16.1 55.8 14043
6 50,00 6.8 ~77e3 =17647 115.6  BHleh 2.1 =2.0 =-10.1 =2.0 22.1 61.6 115.6 -176.7 -97.3
5 40.00 129.9 48,7 =29.9 ~92.8 =143.0 ~177.6 158.2 150.7 15842 =179.6 ~143,0 ~92.,8 ~29.9 44,7
4 30.00 ~B80.8 =160.8 127.4 7947 24.1 -8 ~30.4 =37.3 =30.4 -9.8 2441 7067 129.%4 —~160.8
T 20,00 T4, e d TSI TUAT ST0h el T iheed 14542 138,70 14%.2 16443 =164,2 -120.7 -65.9 X
2 10.00 =-128.4 1A0.5 0.8 4744 feh =d2e =40.7 =46.7 —40.7 =22.9 6.6 47.4 98.8 1b60.5
1 0.00 2497 =4l2.7 =101e0 =147.6 17240 144,33 127.5 121.9 127.5 144,3 172.0 =149.h —-101.0 -42.7
TABIE 15. CONTINUED

15
4,488

110.4
112.2
113.3
116.2

122.2
125.1

127.9

129.0
129.2
129.0
127.9
125.1
122.2

T119.1

116.2

112.2
110.4

24,7
231.6
74.9
279.2
129.9
353.2
235.9
145.3
87.7
68.0
87' 7
1‘5.3
~124.1
—-be B8
129.9
-8008
T4.9
-128. 4
2447

119.1

113.3

16
A.b34

108.8
110.6
1i1.7
114.5

_liT.4

120.5
123.5
126.3
127.3
127.6
127.3
12603
123.5
120.5

117.4

114.5
111.7

110.6

108,.8

100.8
311.6
159.4
8.6
224.6
93.3
3Al.2
255.0
200. 4
-1 78.3
-159.6
-105.0
~18.8
93.3
~135.4
8.6
159.4
~4B.4
100.8



6.0 PREDICTED AND MEASURED NOISE REDUCTIONS FOR METRO II TEST

Nine test conditions were considered by Prydz et al [5] in the
Metro II experimental program. These configurations are listed
in Table 5. The first seven configurations are associated with
either a floating or a disconnected trim panel. Since the ana-
lytical model assumes that there is no structureborne path
between the fuselage structure and the trim panel, it forms a
reasonably good representation of the floating trim. Thus,
comparisons between measured and predicted nolse reductions have

been restricted to Configurations 1 through 7.

The computations were performed at six discrete frequencies.
Three of these frequencies were the same as those used in the
Metro II tests [5], i.e., 383, 766, and 1149 Hz. The frequen-
cies were computed as harmonics of a fundamental frequency of
191.5 Hz. Following the criterion given in Section 2.2, the low
frequency form of the analytical model was applied at frequen-
cies below 630 Hz and the high frequency form at frequenciles
above 630 Hz.

The peak exterior sound pressure level was assumed to be 134 dB
at each frequency. This value represents a free-field sound
pressure level and is consistent with the Metro II data [5].
Space-average sound pressure levels were calculated for the
interior of the test fuselage and noise reduction computed by
taking the difference between the exterior free field level of
134 dB and the interior space-average level [5]. The '
relationship between the free-field and blocked pressures 1s
given by Eq.(48). The relationship corresponds to empirical
data of Magliozzi [15].

The analytical model described herein and in Ref.[1] considers

the fuselage cylindrical shell and cabin floor as a single unit.
Thus the modeling of the floor 1s important to the computation
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of nolse reduction. The floor used in the test fuselage,
described in Sections 3.2 and 4.0, is of unusual construction
and installation relative to normal aircraft design. Thus, the
appropriate analytical modeling of the floor has been of concern
in the present study.

In summary, the test floor is a heavy, stiff structure which is
either mounted on vibration isolators or attached to the fuse-
lage frames by means of brackets. Certain assumptions intro-
duced in the modeling are discussed in Section 4.0. In addi-
tion, the floor treatment transmission coefficient, Tp, des-
cribed in Section 2.2 can be used as a means of representing
vibration isolation provided by the air mounts supporting the

floating floor.

The influence of the floor treatment transmission coefficient
can be seen in Figures 18 through 20 which compare predicted
noise reductions for Configurations 1 through 6. The noise
reductions were computed for four values of the flpof treatment
fransmission coefficient, of which transmission losses of 0, 20
and 400 dB are shown in the figures. The transmission loss of
0 dB represents the case where the untreated floor is rigidly
attached to the fuselage shell, and the transmission loss of

400 dB represents, essentially, a situation where there is no
acoustic transmission via the floor structure. The intermedil-

ate, 20 dB, case is a possible model for the floating floor of
the test structure.

Inspection of Figures 18 through 20 shows that the influence of
the floor can dominate the noise transmission into the fuselage
interior if zero transmission loss is assumed for the floor
treatment (or mounts). Thus, in Figure 18, increases in the
sidewall treatment transmission loss have little or no effect on
the noise reduction for the fuselage as a whole. As the assumed
transmission loss through the floor installation is increased,
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(a) Baseline Fuselage Structure
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FIGURE 18. PREDICTED NOISE REDUCTIONS FOR METRO Il TEST FUSELAGE
EXPOSED TO ELECTROPNEUMATIC EXCITATION
(Floor Treatment Transmission Loss = 0 dB)
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(a) Baseline Fuselage Structure
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FIGURE 19. PREDICTED NOISE REDUCTIONS FOR METRO Il TEST FUSELAGE
EXPOSED TO ELECTROPNEUMATIC EXCITATION
(Floor Treatment Transmission Loss = 20 dB)
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(a) Baseline Fuselage Structure
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FIGURE 20. PREDICTED NOISE REDUCTIONS FOR METRO Il TEST FUSELAGE
EXPOSED TO ELECTROPNEUMATIC EXCITATION
(Floor Treatment Transmission Loss = 400 dB)
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the sidewall treatment has greater influence. The full benefit
of the sidewall treatment is achieved only when the floor treat-
ment transmission loss 1s of similar magnitude. The predicted
transmission loss provided by the sidewall treatment alone 1is
represented by the trim factor plotted in Figure 21. The trim
factor is defined as 10 log (1/7¢) where T, 1s the trim trans-
mission coefficient discussed in Section 2.2 and in Appendix A
of Ref.[1]. Figure 21 contains predicted trim factor spectra
for the three sidewall treatments investigated in the Metro II
tests. A comparison of Figures 20 and 21 shows that the rela-
tive effect of the sidewall treatments can be seen when a high
value (400 dB) is assumed for the floor treatment transmission
loss. (It should be noted that the trim factor is not the only
parameter describing the effect of the sidewall treatment on
noise transmission into the cabin. The analytical model also
allows the treatment to influence the response of the outer
structure through the structural loss factor né, Eq. (17)).

The noise reduction spectra shown in Figures 18 through 20 can
be superimposed on the corresponding measured noise reductions
[5] for Configurations 1 through 6. The comparison is shown in
Figure 22. The immediate observation is that, by choosing
appropriate values for the floor treatment transmission loss,
the predicted noise reductions can be made to envelope the
measured values. The closest agreement between predicted and
measured noise reductions for the Configurations (1 through 3)
with the baseline outer wall is achieved when the floor
treatment transmission loss is about 20 dB. A somewhat higher
value 1s appropriate for Configurations 4 through 6 for the
heavy outer wall. This difference 1s reasonable since the
addition of iron-oxide vinyl to the fuselage shell changes the
predicted structural modes and fuselage response.
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(a) Configuration #1
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The predicted noise reduction spectra assume that the floor
treatment transmission loss is independent of frequency. This
is a simplification; a better fit between measured and predicted
results could be achieved by making the transmission loss fre-
quency dependent. However, such a detailed fit, although physi-
cally reasonable is considered to be outside the objective of
the present comparison.

The data in Figure 22 generally show better agreement between
measured and predicted noise reductions for Configurations 1
through 3, with the baseline outer wall, than for Configurations
4 through 6 for the heavy outer wall. One possible reason for
this difference lies in the analytical representation for the
fuselage shell. In practice, the heavy wall was achieved by
bonding a sheet of iron-oxide vinyl to the fuselage skin; the
analytical model assumed simply that the skin panel had an
increased skin density.

Fuselage test Configuration 7 is similar to Configuration 5 with
respect to the fuselage structure and sidewall treatment, except
that the floor 1s attached directly to the fuselage shell rather
than being supported on air mounts. Thus the structural model-
ing is different for the two configurations. Predicted noise
reduction spectra, associated with Configuration 7, are shown in
Figure 23 for different assumed values for the floor treatment
transmission loss. The predicted results are compared with a
single measured spectrum [5]. (Ref.5 does not present a range
of measured noise reductions). In this case it appears that
closest agreement between measured and predicted noise reduc-
tions occurs for a floor treatment transmission loss of 10 dB
rather than the 20 dB or higher value appropriate to the
floating floor configurations. This reduction in effective
floor treatment transmission loss is consistent with test data
(Figure 76 of [5]), reproduced in Figure 24, which show that the
vibration levels measured on the attached floor are higher than
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those on the floating floor. Thus, if the floor treatment
transmission loss 1s interpreted as a representation of the
isolation provided by the attachment method, it can take into
account the attenuation provided by the air mounts.

Figure 25 compares predicted noise reductions for Configura-—
tion 5, assuming a floor treatment transmission loss of 20 dB,
and Configuration 7, with a transmission loss of 10 dB. The
figure also shows measured noilse reduction spectra for the two
configurations. The agreement is generally good, but it could
be improved by selection of frequency-~dependent transmission
losses for the floor treatment parameter.

The uncertainty regarding the participation of the test floor
arises because of problems encountered in the analytical model-
ing of the floor structure. These problems have been discussed
earlier in this report but are worth repeating. First, the test
floor structure did not form an integral part of the fuselage
structure as it would in a production airplane and as it is

" modeled in the analysis. Secondly, when the floor is mounted on
the air mounts, the structural mode shapes of the fuselage and
floor have to be determined by modeling the test floor. How-
ever, the coupling between the modes of the floor and the cabin
volume has to be modeled with the test floor represented as a
vibrating partition in its actual location. Finally the air
mounts will influence the vibration levels of the test floor,
but such an effect 1s not included in the analytical model
except through the floor treatment transmission coefficient.

For these reasons, the test configuration does not provide a
very good basis for evaluating the analytical model.
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7.0 EFFECT OF EXCITATION CHARACTERISTICS

The original analytical model [1-4] utilized in this study was
constructed to represent propeller noise (deterministic) and
reverberant field (random) excitations. Then, as described in
Section 1, the model has been extended to include other excita-
tions. The discussion in Section 6 is concerned with only one
type of excitation, that associated with an electropneumatic
source with directivity designed to represent a high-speed
propeller. In the present section four other exterior pressure
fields will be considered for the Metro II fuselage, with empha-

sls being placed on test Configuration l. These pressure filelds
are:

(a) General aviation airplane propeller
(b) Turbulent boundary layer on a general aviation airplane
fuselage

(c) Turbulent boundary layer on an ATP airplane fuselage
(d) Reverberant pressure field.

7.1 General Aviation Propeller

The propeller noise field has to be described for the analytical
model in terms of amplitude and phase over the fuselage grid-
point array shown in Figure 16. Since the prediction of such a
pressure field distribution can be time-consuming, use was made
of an existing distribution computed for a general aviation type
propeller [1]. The pressure field was then modified to fit the
dimensions of the Metro II fuselage.
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Scaling of the propeller noise field was performed on the basis
of cylinder or fuselage radius, while malntaining the same
propeller tip speed. The reference cylinder [1] had a diameter
of 1.12m (3.67 ft) and the propeller had a diameter of 0.76m
(2.49 ft). Thus, scaling to Metro II dimensions, with a fuse-
lage diameter of 1.6Tm (5.5 ft), the propeller diameter becomes
1.26m (4.1 ft). The clearance between the fuselage and propel-
ler tip is 0.13m (0.41 ft) or ten percent of the propeller
diameter. In order to maintain the same tip speed, the propel-
ler rpm was taken to be 2424; the blade passage frequency is
then 121.2 Hz for a three-bladed propeller.

The amplitude and phase components of the propeller pressure
field are listed in Table 16 for the three-lowest-order harmon-
ics. The presentation follows the same format as that given in
Table 15 for the electropneumatic excitation. Now, however, the
phase angle in the lower quadrant of the fuselage differs from
that in the upper quadrant to take into account the rotation of
the propeller pressure'field. In the case of the electropneuma-

tic source the phase angle distribution is symmetric about the
grid azxes.

Noise reductions predicted for the propeller excitation are
shown in Figure 26 for fuselage test Configuration 1 and four
assumed values of the floor treatment transmission loss. The
noise reduction spectra show a broad peak centered at the fifth
harmonic (606 Hz). This peak seems to be associated with
reduced excitation efficiency of the fuselage structure.

7.2 Turbulent Boundary Layer

Turbulent boundary layer pressure fields were predicted for two
flight conditions typical of general aviation (GA) and advanced
turboprop (ATP) airplane cruise conditions. These conditions
are listed in Table 17. The conditlions were selected malnly to
explore the effect of airspeed on the noise transmission.
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PROPELLER HARMONIC I AT
CIRCUN.
LOCATION K= 1 2
L THETA 1=2.439 2.586
19 180.00 4.6 35.9
18 170.00 95.4 96.8
17 160.00 96.3 98.1
16 150.00 97.2 99.4
15 140,00 100.5 103.2
14 130,00 102.7 106.0
13 120.00 103.7 107.7
12 110.00 103.8 108.3
11 100.00 103.4 108,.,3
10 90.00 103.3 108.3
9 80.00 103.4 108.3
8§ 70.00 103.8 108.3
7 60.00 103.7 107.7
6 50.00 102.7 106.0
5 40.00 100.5 103.2
4 30.00 97.2 99.4
3 20.00 9643 98.1
2 10.00 95,4 96.8
1 0.00 4.6 95.9
19 180.00 =153.5 =15642
18 170.00 -170.6 -173.8
17 160.00 171.2 167.9
L6 150.00 157.8 153.4
15 140.00 1491 144.2
14 130.00 146.0 140.9
13 120.00 152.5 147.2
12 110.00 16643 160.9
11 100.00 =172.3 -177.7
10 90.00 ~139.5 ~144.9
9e 80.00 -107.8 -113.2
8 ?0.00 -7601 -81l.4
7 60.00 -52'7 -58.,0
6 50.00 ~36.7 ~4l.8
5 40.00 =22.8 ~=27.6
L} 30,00 -11.8 ‘1601
3 20.00 =242 =5.9
2 10.00 7.6 445
1 0.00 13.0 10.3
TABLE 16.

121.2 HZ

3 4
2732 2.878
97,0 98.0
98.0 791
99.5 100.8
101.1 102.7
105.5 107.7
108.9 111.8
111.2 115.0
112.5 117.1
112.9 118.3
113.0 118.5
112.9 118.3
112.5 117.1
111.2 115.0
108.9 111.8
105.5 107.7
101.1 102.7
99.5 100.8
98.0 99.1
97.0 98,0
-157.2 -15603
-175'0 ‘174.4
165.7 165.8
151.0 150.4
141.3 139.8
137.5 135.2
143.4 140.4
157.0 153.6
178.4 174.8
~148.9 -152.5
-117.2 ~-120.8
-85.4 -88.8
-61.8 <64.7
-45,.3 -47.5
=30.6 -32.1
-18.95 -19.1
-7l7 °7.6
3.2 3.8
Yo &t 10.3

BLOCKED PRESSURE AMPLITUDE

5
3.025

98.7
100.0
101.7
103.9
109.4
114.2
118.4
121.6
123.7
124.0
123.7
121.6
113.4
114.2
109.4
10309
101.7
100.0

8.9

‘1530)
—l7lu3
168.8
152.8
141.2
L3544
139.3
151.6
172.2
-15502
-123.4
—90.8
-65.8
‘4704
~30.7
-1608
-4.7
be9
13.2

6
J.i71

PRESSURE AMPLITUDE,

99.6
100.8
102.4
L04.6
110.2
115.4
120.5
125.0
128.4
129.0
128.4
125.0
120.5
115.4
110.2
104,.6
102.4
100.8

99.56

-148.3
-16506
175.1
159.4
147.2
140.0
141.8
152.0
171.1
-156.4
-124.4
=30, 4
-63.3
'42.7
—2406
-1042
te?
12.6
18.2

AXTAL
7
3.317

100.3
101.4
10249
104.8
110.3
115.2
120.4
125.7
130.7
131.7
130.7
125.7
120.4
115.2
110.3
104.8
102.9
101.4
100.3

LOCATION
8 9
3.4 3,610

100.9 101.4
101.7 102.4
103.4% 103.8
105.1 1905.5
110.2 110.6
114.6 115.3
118.7 120.0
122.5 t25%.2
125.9 130.,0
126.6 130.9
125.9 1130.0
122.5 125.2
118.7 120.0
L14.6 115.3
110.2 110.6
105.1 105.5
103.4 103.8
101.7 102.4
100.9 101.4

PHASE (DEGREES)

‘1*1.8 -13605 _12703
-157.7 -l148.8 -140,1
-175.3 -163.7 -152.6
171.0 ’17306 ~158.9
160.6 ~178,7 -158.6
154.0 ‘177'7 -149.4
15ﬁ-3 =lbb6,4 -127.5
160.7 -147.§ -9706
175.7 ‘12003 -6“-1
-152.7 -86.1 —2943
‘119.9 -55.8 ]
~81l.7 =-29.8 20,0
-50.9 -1l1l.6 2Te4
-28.7 - B 27+5
~11.3 9.5 29.6
1.4 1648 3t.h
11.3 22.9 34,0
20.5 29. 4 3841
24.8 32.1 J9.3

10
3.756

101.7
10246
104.0
105.7
110.8
115.4
119.9
124.1
127.3
127.8
12743
124.1
119.9
115.4
110.8
105.7
104.0
102.6
101.7

=-120.5
~132.3
~143.3
-147.8
“145.6
~135.7
-114,8
-89.2
‘60-1
~26.1
4.4
285
40.1
41.6
4245
42.7
41,3
4549
46.0

11
3.902

DB RE 20 MICRO PA

101.7
102.6
103.8
105.3
110.1
114.2
117.8
120.6
122.5
122.8
122.5
120.6
117.8
IL4.2
110.1
105.3
103.8
102.6
101.7

-114.)
~125%.6
~-136.1
~140,2
-138.3
-129.7
-111.3
-0802
~6U."1
-27.2
3.5
2. 4
43.6
47.6
49.9
50.3
90.5
5246
5247

12
44049

101.4
102.2
103,.2
104.5
108.7
112.1
114.7
L16.4
117.3
117.4
117.3
l1l6.4
11447
112.1
108.7
104,.5
103.2
102.2
101.4

‘108.5
-1190,
-130.2
-134.7
-133.8
=126.9
°llU.5
-fA70
°b2.7
=291
1.8
28.6
44,4
5044
5643
59a7
5b'h
5845
940

13
4,195

100.9
1015
1v2.3
1V3.¢
1068
197.5
111.2
112.0
112.¢
112.2
112.¢
112.0
111.2
109.5
106.8
103.2
102.3
101.%
1009

-102'8
~114.1
-124.9
’130'2
~130e4
-12Y%e0
-110.3

=-9J.1

=6b4.Y

-31.0

215
4446
52.3
577
603
6l.7
641
537

14
4434]

10042
L10v.7
101.3
1ot.8
104.9
L07.0
108,90
108.2
1.0
iu7.9
108.0
108.2
108.0
107.0
1049
101.8
101.3
100.7
100.,2

-97.7
-109.1
-120.3
-126e2
-127.Y
—~123.2
~-107.9

-90.6

~6545H

-32.2

-lol
270
45.1
5440
bO.h
bH4e2
Gbael
hYel
OHel

15
4.488

943
P9eb
P9e9
100.1
102.17
10442
104.6
10443
103.6
L3 %
103.86
104.3
104.6
104.2
102.7
100.1
79,9
99,6
1943

~Fleb
-10312
-~1l4.8
~12145
~1¢3e?
-120.6
-108.4
-0+ ¢
-6H5.8
~32406
-1. 4
2"“
4bhe 4
5be 7
H4e 4
68,9
1.7
75'0
T4+ 9

AND PHASE FOR GENERAL AVIATION PROPELLER

L6
44634

3843
a4
T8e4
9843
L00. 4
101.%
101.9
1v0.6
F9e 6
et
AN )
100.6
101.4
101.5
100. 4
98.3
Y8e4
9B 4
8.3

‘85!1
~Vhel
~108.9
~116.2
~119.¢
=-117.0
‘105.8
-8B, 4
-640’
~3l.6

2942
49.0
60,3
6.0
14.3
17.7
B8la3
dle4
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PRUPELLER HARMONIC

CIRCuUN,
LOCATION
L THETA

19 180.00
18 170.00
17 160.00
16 150.00
15 140.00
14 130.00
13 120,00
12 110.00
11 100,00
10 90.00
9 80,00

70.00
7 60,00
6 50.00
5 40.00
4 30.00
3 20.00
2 10.00
1 0.00

19 180,00
18 170.00
17 160.00
16 150.00
15 140.00
14 130.00
13 120.00
12 110.00
11 100.00
10 90.00
80.00
70.00
60,00
50.00
40.00
30.00
20.00
10.00

0.00

—NwdP RPN DD

K= 1
I=2.439

7545
757
75.9
75.9
78.1
78.9
78.2
76.6
T4.5
T4.1
T4.5
76.b
78.2
78.9
78.1
75.9
715.9
757
755

179.0
148.1
115.9
92.3
78.2
75.4
91.2
121.1
169.4
-128.9
‘6507
~3e17
40.9
69.9
945
113.2
128.7
144.6
152.1

2 AT

2
2.586

77.6
78,2
78.8
T 4
az“'
84.2
84.5
83.7
82.4
82.1
B2.4
83.7
84.5
B4.2
82.4
79.4
78.8
78.2
77.6

168.6
137.2
104.2
80.7
6607
64.2
80.7
111.3
156.1
-138.1
‘75.0
-13.9
30.4
58.8
83.0
101.6
117.3
133.7
l4l.6

242.4 HZ

3 4
2.732 2.878
79.3 81.0
80.1 82.1
81.2 43.5
82.3 85.2
86.2 90.0
88.9 93.9
90.3 96.8
905 78.5
90.0 99.1
89.9 99.1
90.0 99.1
90.5 98,5
90.3 96.8
88.9 93.9
8642 90.0
82.3 85,2
8l.2 83.5
80.1 82.1
79.3 81.0
l6l.6 15646
1299 124.6
9645 90.8
72.8 66.8
58.8 5247
56¢0 50.5
73.5 67.6
104.5 98.9
149.7 144,.2
~144.4 ~149.8
-8le4 -4649
-2042 2549
23,2 17.3
51l.1 45.1
75.1 68.9
93.6 87.7
109.6 104.0
126.4 121.1
13447 129,7

9
3,025

82.5
83.6
8543
87.5
33.2
9d.3
102.9
106.4
1048.5
108.8
108.5
106.4
: 102.(’
98.3
93.2
87.5
85.3
B3.6
82.5

154.7
122.8
88.9
64.06
50,1
47.5
6402
95.1
140.2
-29.7
13.9
42.1
664
859
102.0
119.2
127.7

6
3.171

AXTAL LOCATION

7
3.317

8
3464

PRESSURE AMPLITUDE,

9
3.610

10
34756

11
3.902

D8 RE <0 MICRU PA

856
B6HeH
87.8
8944
94,7
9948
105.5
110.8
114.8
115.5
114.8
110.8
105.5
99,8
94,7
U9 4
87.8
Bb.5
ub .b

178.9
152.5
126.8
113.5
113.3
128 .4
164.5
-150.1
~96.3
=29.1
326
85.1
114.2
123.0
129.6
134.4
139.9
148.9
152.0

83.7 84.6 85.3 85.6
84.9 85.8 86ha4 86.6
86.6 87.5 88,0 88,1
89.1 89.8 0.1 J0.0
95.3 936.0 5.9 25.6
101.3 102.3 101.5 101l.1
107.6 109.3 107.5 107.%
113.2 116.7 113.7 114.7
117.3 123.3 119.,2 121.2
118.0 124.5 120.3 122.4
1173 123.3 119.2 121.2
113,2 116.7 113.7 114.7
107.6 109.3 107.5 107.5
101.3 102.3 101.5 101l1.1
9543 96.0 95.9 95.6
89,1 89.8 90.1 0.0
86.6 87.5 88.0 88.1
84.9 85.8 86.4 86.6
83.7 B4.6 85.3 85.6
PHASE {DEGREES)
155.7 159.4 164.9 171.6
1244 129.2 136.2 14442
91.0 97.3 106.7 117.0
67.0 75.0 87.9 101.9
5244 61.9 79.9 939.7
49.1 59.3 84.5 113.5
644 73.%5 109.2 151.5
93.8 99.9 1"7.4 -1%7.9
137.8 140.4 ~160.4 ~-99,1
~156¢5 =154.5 <92.8 =31.0
=93e3 =90.7 -31.9% 29.8
~-31.0 -24.9 2207 77.3
lL4.1 23.2 58.9 101.2
43,7 53.9 9.1 108.0
68.7 78.2 96,1 115.9
87.9 95.9 108.8 122.4
104.1 110.5 119.8 130.2
120.8 125.6 .132.6 140.7
1248 132.5 138.0 144,7
TABLE 16. CONTINUED

851
8949
869
4842
92.3
96¢9
100.8
103,9
105.8
10b.1
105.8
103.9
100,48
6.9
92.8
88,42
86.9
85.9
85,1

~173.2
160.9
135.5
122.3
121.4
134.2
l66.8
—9807
-3Ll.7
30'2
8445
116.5
128.7
137.6
143.2
Lad, 7
157.3
15949

12
4.049

4943
34 48
395
643
V.0
9249
9%.0
YHhe 2
Jbe b
Tbe b
F6.6
9662
99.0
9249
90,0
Bbhe 3
89.5
B4 .8
u". )

-164.6
Lh9.6
La4.0
129.9
127.0
13b.9
L6643

~193.3

~102.3
=-3%.5
Zb.b
8l.9
116.0
131.4
143,.2
150.48
15742
1660
18,5

L3
44195

[ PN
YBi.4
83,6
3.8
Bbeb
dUaet4
8940
3.7
7.0
7.6
H7.48
88,7
89,0
Uﬂ."
dbLeb
d3.0
Bleb
B3.4
53-1

"155.0
179.1
1%3.9
i37.0
13249
139.5
165%.9

"1’)5.6

-10%.8
-39.1

23.1
79."
11995
Lt34.1
14da 7
1vdehH
L6641
L7925

14
40341

dl.8
Blel
blel
“l“'
53-‘0
bBa,.3
B3.8
blo"
8047
UUC"
80.7
B2e4
83.8
Ba.3
53.‘0
Ble4
sl.’
8i.8
Ul.u

=145.%
~171.6
16l.8
L4943
L33.%
l43.2
167.0
~15%6.6
-107.8
-41.-2
llel
75"!
Lie.?
137.48
154.9d
lboad

15
4.488

Bi)e U
719.4
79.3
I”.l'
9.7
79.48
THe 3
7().0
7J.b
73.2
73.06
76.0
7”..’
79.8
719.7
ldiq
79'3
79.8
80.0

-133.5%
-199.8
173.14
15%. 6
147.1
14947
171.0
-1%4.8
-107.4
-41.0
21e5
404 9
120.7
la4d.s
Lo3.4
1/6beY

16
4etr34

Tsel
T7.0
To.17
’5“'
76.0
79¢4
7362
0.3
b’.j
bbed
67.3
0.3
73.£
794
7b.u
71944
?b.,
17.06
7.1

~120.2
~1l46.Y
~174.0
lb?. ’
158.0
159.0
174.3
~14%4¢
—lO].d
-37.1
9.4
Bb.0
12840
L53.95
1/74.3
-171.4

L7%eU =173e8 —1UL9

“llbcl

-163e 3

=1%Ua.1

17801 =17244 -10GUeH ~Lulal
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PROPELLER HARMONIC

CIRCUM.

LOCATION K= 1

L THETA

19 180.00
18 170.00
17 160.00
16 150.00
15 140.00
14 130.00
13 120.00
12 110.00
11 100.00
10 90.00
9 80.00
8 70.00
7 60.00
6 50.00
5 40.00
4 30.00
3 20.00
2 10.00
1 0.00

19 180.00
18 170,00
17 160.00
16 150,00
15 140.00
14 130.00
13 120.00
12 110.00
11 100.00
10 90.00
80.00
70.00
60.00
50.00
40,00
30.00
20.00
10.00
0.00

—NWSNONDD

I=2.439

57.2
56¢9
56.3
5542
5641
5545
52.9
A9.4
46.1
45.0
4641
49. 4
5249
5545
5641
5542
5643
5649
57.2

154.3
109.4
61.8
27.9
7.6

29%.5
76.8
143.6
=-121.6
-23.0
69.7
134.0
176.0
~148.0
‘120.8
~-98.5
=759
-66.1

3 AT

2
2.586

60.1
60.2
60.2
60.0
62.0
62.6
6le4
59%.1
56.6
55.9
56,6
59.1
61.4
62.6
62.90
60.0
60.2
60.2
60.1

135.4
90.0
41.9
8.2
-11le3
‘1304
13.4
6l.6
130.3
-133.1
=364
54.5
117.9
158.4
-166.9
—118.3
-95, 4

-H4,9

363.6 HZ
3 4

2.732 2.878
62.5 64.8
62.9 65.6
63.5 66.7
64.0 68.1
67.1 7245
69.0 76.0
69.4 7845
68.5 79,7
67.0 79.7
66.6 79.6
67.0 79.7
68.5 79.7
69,4 78.5
69.9 76.0
67.1 72.5
64.0 68,1
63.5 66,7
62.9 65.6
62.5 64,8
121.8 110.2
76.0 b4l
27.7 15.7
-58 =175
-24.5 -=35.3
=25¢3 =3%.9
2.9 ~5¢4
52.0 b44.4
121.5 114.2
-140.6 -147.1
~45.1 =52.%
44,9 37.3
107.4 99,1
146.5 136.9
179.9 169.1
=154.5 -166.2
=132.6 -144.5
-109.4 ~-121.2
-33.6 =-110.1

5
3.025

66.8
67.8
69'“
71.5
77.1
B2.4
87.3
91.0
93.1
93“
93.‘-
91.0
87,3
B2.4
77.1
71.5

6944
67.8
66.8

102.9
56.8
8.5
-244%
—41.6
-4005
-10.6
39.2
108.8
-152.2
-57-6
32.0
4.0
131.3
162.7
-173.1
-151.8
-128.%
‘117.5

6
3.171

AXTAL LOCATION

7
3.317

8
3.464

PRESSURE AMPLITUDE,

68.3
69.5
71.3
73.9
RO. 4
87.2
4.6
101.3
106.1
106.9
106.1
101.3
F4.6
87.2
80.4
73.9
71.3
69.5
68.3

97.6
5440
6e2
-26.0
"’2-7
-41-*
-12.1
3645
105.1
-15%.9
-~61e5
2943
2.4
130.4
161.7
~-1744.7
-154.0
-120.’

TABLE 16.

9
3.610

10
3.75%6

11
3.9%02

DB RE 20 MICRO PA

69.5 70.1 70.3 69.9
70.6 7L.2 71.3 70.7
72.4 72.9 T2.7 71.9
751 75,2 74.7 73.4
81.9 81.7 80.6 78.7
89.3 88.5 87.0 84.3
38,2 96.6 9542 91.2
107.5 105.1 104.4 97.7
115.6 112.8 112.5 102.3
117.3 114.4 114.0 103.1
115.8 112.3 112.5 102.3
107.5 105.1 104.4 97.7
9842 96e b 95,2 91.2
89.3 8845 87.0 84.3
81.9 8l.7 80.6 78.7
75.1 752 4.7 73.4
T2.4 72.9 72.7 71.9
70.6 7.2 713 70.7
695 70.1 70.3 6949
PHASE (DEGREES)
100.2 103.9 110.1 118.2
55.5 60.6 68.0 77.0
9.1 16.3 26,0 3643
-214% -1l.1 2.0 14,0
-36.5 -21.% ~2.4 11.7
-34,2 ~12.1 17.1 32.7
~5.5 2646 7100 84.3
40.5 83,7 142.0 149,2
106.1 160.% ~134,2 ~132.4
~155.6 -9B8.9 =-32.8 -31.9
-60.6 -b6e2 592 61.0
33.3 76.6 134.8 142.0
99.0 131.1 175.5 -171.2
137.7 15947 =171.0 -155.4
1679 =177.0 =-158.0 —-143.,9
‘17001 ‘15909 ~146,7 ‘13407
'151.1 -143,.73 "l}"o‘ "12«00
~129«9 ~124.8 "11703 "10803
~12042 -116.4 -110.3 ~102.2
CONTINUED

69'0
696
70.3
71.3
756
79.7
83.9
873
89.2
89.5
89.2
87.3
83.9
79.7
75.6
71.3
70.3
67.6
69.0

128.0
B7.3
4649
24.2
20.4
38'0
8543

L47.0

-136.3

”35‘8
57.1

139.9

-170.2
’l5001
-13%.2
~113.4
-9840
"92.‘0

12
42049

67.6
67.9
68.1
6443
7Tl.4
73.8
75.4
76.1
75.9
75.8
75.9
761
75.4
73.8
Tle4
68.3
68.1
ﬁ?.q
676

139.6
991
5843
34,2
27.2
40.3
83,2

142 .4

-141.7
‘41.0
517
13%.3
-172.3
-147.8
-114e5
~1U240

~d6e3

"‘HO.’

13
4195

05.7
656
bb.j
64,8
66.7
67.5
bbe9
6545
63.3
63.1
63.3
6545
66.9
67'5
6b.7
64.8
65.3
65'6
65'7

153.3
112.7
71.2
45,4
35.2
43.8
81.7
137.9
-L47.5
—“bol
4547
130.8
-173.6
-lﬁl'ol'
“12Ueh
-103.2
"”’VQU
‘7&07
~6b7s)

14
44341

63.7
63.3
6245
Hle3
b2e3
bl.u
59.8
568
53.3
53.0
93.3
56.8
59.8
6ble8
6243
6le3
6245
63.3
b3.7

167.3
12646
B4.06
H57e4
4447
49,8
43.6
136.1
-151.3
-‘18.7
4201
L28.9
-171.9
~-134.4
"'1[01“
-Fle3
=1%.7
=58.4
-53.1

15
4,488

61.0
60.3
59.0
57.1
57.2
5547
52 4
48.2
43.4
43.1
43,4
48,2
SZ.“
5547
57.2
57.1
99.0
60.3
6l.0

~174.7
L44.4
101.9
13.6
58.8
60.7
90,5
178.6
-195Le3
—~4b64bH
9241
131.5%
-1()5-0
~-127.4
-96.8
~-75.1
~584 4
-4140

ih
4.634

H8.2
$7el
5543
529
9261
49,8
45.6
40.5
3446
3a,.7
Jﬁ.b
4045
4546
49.8
52e1
5249
5%.3
57.1
5842

-154.4
164.6
121.8

926
1heH
76he3
LoZ.7
147.0
~3743
4949
134.9

“~15Z.8

-11L.9
-79.1
-%6.0
‘3”.5
=2u.8
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TABLE 17

FLIGHT CONDITIONS ASSOCIATED WITH BOUNDARY LAYER ESTIMATFS

Parameter

GA Airplane

ATP Airplane

Airspeed
Altitude
Distance
to point
fuselage
Boundary

Boundary

m/s (ft/sec)
m (ft)

from airplane nose

of interest on

m (ft)

layer thickness mm (in)
layer displacement

thickness mm (in)

95 (416)
3650 (12000)

6.1 (20)
70 (2.8)

8.8 (0.35)

182 (796)
9150 (30000)

16.9 (55.5)
174 (6.8)

21.7 (0.86)
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Parameters required for the analytical model are the pressure
field convection velocity and the boundary layer displacement
thickness (see Egs.(41) and (45)). The convection velocity was
taken to be 80% of the flight airspeed.

Since the turbulent boundary layer pressure field is broadband
and random in character, use is made of the analytical model
feature which predicts noise reduction in one-third octave
frequency bands rather than the deterministic, tonal transmis-
sion calculation used for propeller noise and the electropneuma-
tic source. The relevant part of the analytical model is
described in Section 2. Predicted noise reductions associated
with the GA boundary layer pressure field are shown in Figure 27
for fuselage test Configuration 1 and four assumed values of the
floor treatment transmission loss. The results show a general
increase of noise reduction with frequency, except for a spect-
ral trough at 125 Hz associated with sidewall resonance. In
this case noise reduction refers to the surface or blocked
pressure on the exterior of the fuselage rather than the free
field sound pressure used for the propeller and electropneumatic
noilse sources discussed in preceding sections.

7.3 Comparison of Predicted Noise Reductions

Noise reductions predicted for boundary layer, GA propeller
noise and simulated propeller (electropneumatic) excitations are
compared in Figure 28. Two values of, the floor treatment trans-
mission loss (0 dB and 20 dB) are considered. Again, it should
be remembered that the reference sound level for propeller and
electropneumatic noise sources is the free field value, whereas
the surface pressure is used as the reference for the boundary
layer cases. If surface (blocked) pressure were used in all
cases the noise reductions for propeller and electropneumatic
nolse excitation should be increased by 6 dB.
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Comparing first the results for GA propeller and simulated
propeller (electropneumatic) excitations it is seen that the
nolse reductions are higher for the propeller than for the
electropneumatic source. Two factors, amplitude and phase of
the excitation pressure field, are involved. Both of these
factors determine the response of the fuselage structure. Pres-
sure phase differences for the two excitations have been dis-
cussed in Section 7.1; the pressure amplitude differences are
assoclated with the spatial distribution, particularly in the
longitudinal direction. A representative comparison of the
longitudinal distribution of harmonic sound levels is gilven

in Figure 29 where it 1is seen that the propeller nolse pressure
amplitude decreases more rapidly with distance than does the
electropneumatic source sound fileld. The latter sound field was
designed to simulate propfan pressure levels (which it does
successfully [16]), so that Figure 29 essentially compares GA and
ATP propeller nolise levels.

The different excitation characteristics of the excitation
fields will result in different structural responses and, hence,
noise transmission into the fuselage. In this case, the more
rapid the fall-off of the pressure amplitude, the higher the
noise reduction. It is interesting to note that Prydz et al
[16] have used an associated argument regarding average and peak
exterior sound levels to increase predicted nolse reductions by
7 dB. (The predictions in that case [16] were computed initial-
ly under the assumption of spatially uniform pressure amplitude
and then adjusted to account for the spatially-varying ampli-
tude).

Now compare noilse reductions for acoustic (propeller and elec-
tropneumatic) and aerodynamic (turbulent boundary layer) excita-
tions. It is seen in Figure 28 that the predicted nolse reduc-
tions associated with boundary layer excitation lie between those
for propeller and electropneumatic sources, even when the 6 4B
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adjustment from free field to blocked pressure excitation is
applied. As before, excitation pressure amplitude and phase are
playing important roles. The boundary layer has a uniformly-
distributed pressure amplitude, in contrast to the spatially-~
varying amplitudes for the propeller and electropneumatic
sources. Also the phase characteristics are quite different,
the boundary layer pressure field being convected in the longi-
fudinal directions and the propeller pressure field circumferen-
tially. As the airplane airspeed and pressure field convection
velocity increase, the predicted noise reduction decreases and

approaches values associated with the electropneumatic source.

7.4 Reverberant Field Excitation

Noise reductions have been predicted for Configuration 1 of the
Metro II test fuselage when the excitation was a reverberant
acoustic field. The resulting noise reduction spectra are com-
pared in Figure 30 for different values of the floor treatment
fransmission loss. Figure 30 also contains a measured noise
reduction spectrum [private communication from R.A. Prydz]
measured on the test fuselage when placed in a reverberation
chamber. It is seen that the measured and predicted spectra have
similar shapes, although the analytical model underpredicts the
nolse reduction at lower frequencies. It is also observed that
the noise reductions predicted for reverberant excitatlon are

lower than those predicted for the other excitations considered
in Pigure 28. A comparison of predicted noise reductions for
reverberant acoustic and boundary layer aerodynamic excitations
is contained in Figure 31, where the floor treatment transmission
loss 1s assumed to be zero.
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8.0 DISCUSSION AND CONCLUSIONS

The analytical model developed in Ref.[1l] for the prediction of
sound pressure levels in propeller-driven aircraft provides a
representation of the response of the combined fuselage shell
and cabin floor structure. This inclusion of the cabin floor as
an integral part of the analytical model is a significant depar-
ture from earlier analytical models. As a result, a certain
amount of experience has to be gained in the application of the
model to practical structures.

In the comparisons with data from the Metro II noise transmis-
sion tests performed by Prydz et al, it became apparent that
certain changes were required to the way in which the analytical
model [1] represented the floor structure. The analytical
model was modified to incorporate the changes but unfortunately
the particular floor configuration chosen for the Metro II tests
posed a significant problem to the analytical representation.
The floor in the test fuselage did not constitute a structural
member of the fuselage, rather it was a secondary item (albeit
heavy and stiff) introduced to provide a cavity which was geo-
metrically similar to that of a wide-body airplane. The test
floor rested on the structural floor of the Metro II but it did
so via air mounts which would provide some vibration isolation.

Since the analytical model could not handle the test floor
structure without a major change to the structural model, an
alternative approach was adopted whereby a "floor treatment
transmission coefficient" was introduced to represent, among
other things, the vibration isolation provided by the air
mounts. The coefficient could, equally well, represent attenua-
tion provided by any floor coverings, Jjust as the trim transmis-
sion coefficient provides an estimate of the attenuation
provided by the sidewall trim.
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Parametric variations of the floor treatment transmission
coefficlent allowed the predicted noise reductions to straddle
the measured values. Appropriate values of the coefficient
could be selected to achieve good agreement between measured and
predicted results. While this may appear to be an indirect
approach it can be justified because of the unusual floor con-
figuration in the test fuselage. Furthermore the values of the
floor treatment transmission loss that provide good agreement
between measured and predicted noise reductions are consistent
with the measured reductions in floor vibration attributed to
the use of air mounts (as shown in Figure 24).

It should be noted also that the analytical model assumes that
the sound-absorbing material is distributed uniformly over the
sidewall surface. In the actual test the sidewall treatments
were highly reflective and additional absorptive material was
placed on the floor near the sidewall along the full length of
the cabin. Since the analytical model would not account for
this ad hoc distribution of absorptive material, the appropriate
empirical information was introduced into the computations.

Because of these problems in representing the floor installation
and absorptive material, the validation of the analytical model
was not conclusive. However, the results do show that the
analytical model predicts noise reductions which are consistent
with the measured data.

The capability of the analytical model has been extended to
include turbulent boundary layer pressure fluctuations as an
exterior excitation field. By the same token the model can
represent a convected acoustic pressure field. The model
already had the capability of describing noise transmission from
a reverberant acoustic field. 1In all these cases the excitation
is broadband and random in character rather than tonal and
deterministic as 1s gpe case with propeller noise or simulated
propeller (electropneumatic) noise.
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The ability of the analytical model to predict noise reductions
for the fuselage structure exposed to various exterior pressure
fields has been used to compare propeller and simulated propel-
ler excitation, turbulent boundary layer and reverberant acous-
tic fields. While the results are probably dependent to some
extent on the fuselage structure chosen (Metro II test Confi-
guration #1 in Ref.[5]), the comparisons show certain trends of
interest.

Propeller noise (or simulated propeller noise) has the charac-
teristic that the sound pressure level changes markedly with
distance away from the piane of rotation of the propeller, but
the coherence maintains high values for, at least, the lower
order harmonics [17]. In contrast, the boundary layer pressure
field has a sound pressure level which is essentially independ-
ent of location but a coherence function which decays with
increasing separation distance.

It can be shown (see, for example, Eq.(55) of [6]) that the
amplitude spatial decay and coherence spatial decay play similar
roles in the calculation of panel Jjoint acceptance. Consequent-
ly, 1t might be expected that the nolse reductions associated
with propeller noise and boundary layer excitation would be
similar. This appears to be the case in Figure 28, particularly
with respect to the simulated propeller (where the sound
pressure level decays relatively slowly with distance) and the
higher speed (ATP airplane) boundary layer. As the amplitude
spatial decay rate (GA propeller) or the coherence spatial decay
rate (GA boundary layer) increases, the predicted noise reduc-
tion increases.

Obviously, the results presented in this report represent a
limited number of special cases. A more extensive parametric
study would define the roles of the different excitations more
clearly. Alternatively, calculations should be made for speci-
fic airplane configurations of interest.
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In conclusion, the analytical model developed in Ref.[1l] and
extended in this study predicts noise reductions which are
consistent with values measured in the Metro II test [5]. How-
ever certain configurations peculiar to the test set-up make a
definitive validation difficult. Application of the analytical
model to different types of excitation show that there can be
differences in the predicted noise reductions. For example the
predicted noise reductions asssociated with turbulent boundary
layer excitation were greater than those for simulated propfan
excitation. However, before general conclusions are drawn, cal-
culations should be performed for different fuselage structures
with special attention placed on the modeling of the floor.

One further point to be noted is that, because of the unusual
distribution of sound-absorbing material in the test cabin,
empirical rather than analytical means had to be used to
describe the absorption in the cabin. Consequently, 1t was not
possible to make a complete evaluation of the analytical model
for the sidewall treatment.

Strictly speaking, the validation of the analytical model has
been performed for only one fuselage structure and one excita-
tion. Thus, confidence in the analytical model when applied to
other structures and excitation is dependent to some extent on a
qualitative Jjudgment of the accuracy of the extrapolation of the
model to other conditions. The role played by the floor in a
conventional fuselage configuration is of particular interest
since it was the modeling of the test floor that posed a major
problem in the present study. In spite of these difficulties it
seems Jjustifiable to apply the analytical model to airplane con-
figurations such as those discussed in Reference 6 in order to
obtain alternative estimates of the treatment weights required
to achieve the cabin noise goal. In this manner it shbuld be
possible to obtain an indication of the confidence limits for
the predictions by the use of different analytical approaches.
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APPENDIX A

List of Symbols

This appendix contains the list of symbols used in the equations
in Reference [1]. The equations in this report rely heavily on
[1] for their development, and the symbols have not been re-
defined in the text since the reference will receive wide dis-
tribution. The reader should refer to Reference [1] for a
detailed presentation of the development of the basic analytical

model.



or

A'

3=l

A
H

S oS

m
ao/2

arctan
n

arctan
r

B

BPF

LIST OF SYMBOLS
Cylinder surface area
Interior (cylinder & floor) surface area, used in
conjunction with structural/acoustic coupling
function f'(n,r)
Transmitting area of cylinder without trim
Exterlor cylinder surface area
Transmitting area of cylinder with trim
Total transmitting area of cylinder, floor to floor
Amplitude of Fourier component of blocked propeller
pressure signature at propeller harmonic H and grid

location m = (k,2), see Eq.(43) of [1]

Amplitude of Fourier component of free field propel-
ler pressure at harmonic E and grid location m=(k, %)

Radius of cylinder

Fourier series coeffficient of propeller pressure,
for harmonic H at location m; see Egs.(27),(29)[1]

Mean propeller pressure amplitude at location m
(defined in Eq.(28) of [1])

Functions defined in Section 2.3, Eg.(10), et seq
Number of propeller blades
NB

Propeller blade passage frequency (Hz); BPF = Zo
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LIST OF SYMBOLS

(Continued)
b,,bn Functions defined in Section 2.3, Eqg.(10) et seq
bg Fourier series coefficient of propeller pressure
for harmonic H at location m; see Eqgs.(27),(29)[1]
c(3) Function defined in Eq.(76)[1]
A
Cin(z) Cosine integral; Cin(z) fL(l-cost)dt/t
pr,.sr \
CMnCMn Floor and shell generalized coordinates for

structural mode r = (M,N); see Egs.(46)=(49)[1]

Cpbl(ﬂ X';w) Cospectral density function of the blocked
exterior pressure field

Cp(ili';w) Cospectral density function of the exterior
pressure field

Cw,Ci,Ci Trim parameter, derived from the trim transfer
R
matrix, Eq.(A.8); C = C, * iC£

CX(E,w)Cy(c,w) Cospectral density functions of the exterior
pressure field in the axial and transverse
directions respectively; see Eq.(60) of [1]

Co Speed of sound in air
CrsCr Functions defined in Section 2.3, Eq.(10) et seq
Cu vonstant percentage bandwidth parameter, where

Aw = c w [cw = 0.232 for one-third octave bands]



LIST OF SYMBOLS

(Continued)
Dnr Function defined in Section 2.3, Eg.(10) et seq
E[ ] Expected value of a function
f'(n,r) Interior structural/acoustic coupling factor; see

Eq. (45)

f'(n,r)=F'(qi,r) Interior structural/acoustic coupling factor
including effect of trim factor 1_ and floor

t
treatment factor Tps See Eq.(3)

fl Frequency of propeller lst harmonic; £, = l/TO =
BPF

fH Frequency of propeller harmonic H; fH = Hfl

fqm Acoustic/structural coupling factor in axial
direction; see Eq.(57) of [1]

£,,8 Functions defined in Section 3.2, page 3-11 [1]

n*®r

H Propeller harmonic order, used as superscript to
denote functions evaluated at frequency Wy

i Acoustic mode number counter for fuselage cross-
section modes, associated with mode n =(q,i)

11I213 Integrals defined in Equations (63) and (70)-(73)[1]

J Circumferential location on fuselage wall, ej, a

boundary point at which the acoustic eigenvector
is evaluated (see Fig.C-2 [1])
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. 2

jé(w)

J;(w)

<32(w)>§ev

2
Crev
(

or

w)

LIST OF SYMBOLS
(Continued)

Structural joint acceptance function in axial
direction

Structural Jjoint acceptance function in
circumferential direction

Structural Jjoint acceptance in axial and
circumferential directions; ji(w) = Jfn(w)

= Jy(w) J(w); see Eq.(21)

Joint acceptance for reverberant/diffuse
excltation

Joint acceptance for reverberant excitation
averaged over structural modes resonant in band Aw

Acoustic wave number, k = 27/)

Axial non-dimensional coordinate for grid point;
see Figure 16

Fuselage structure length
Floor width (wall to wall)

Circumferential non-dimensional coordinate for
grid point; see Figure 16

Functions defined in Section 2.3, Eq.(10) et seq

Number of axial half-wavelengths for structural
mode r = (M,N)



LIST OF SYMBOLS
(Continued)

M Generalized modal mass, for structure mode r

m = (k,2) Grid point on surface of cylinder used for
propeller noise predictions; see Figure 16

or

m Average surface mass/unit area of cylinder

N Structural mode counter, associated with mode
r = (M,N)

or

N Propeller rpm

Nn’Nr Number of acoustic modes or structural modes in
frequency band Aw

n Symbolizes acoustic mode n = (g,i)

or ’

n Number of circumferential wavelengths (or
transverse half-wavelengths) in fuselage
shell (or floor); see Egs.(35-36)

n¥ Number of terms in displacement series for
fuselage shell (or floor)

nb,ng Number of boundary points on the fuselage shell
(or floor) at which the acoustic eigenvectors are
defined

n, Modal density of acoustic modes

n, Modal density of structural modes
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P(wn)
p(wn)

p, . (X,t)

bl

2
<pbl>
<pf (E,u)>,

2
<pi>s,t

LIST OF SYMBOLS
(Continued)

Probability distribution function for W in Aw

Probability density function for w, in Aw

Exterior pressure over the blocked (immobile)
fuselage

Band-~limited mean square blocked pressure
Interior mean square pressure at location E

Space-averaged band-limited mean square interior
pressure

Space-averaged band-limited mean square exterior
pressure for a reverberant field

Space-averaged band-limited mean square modal

pressure, for nth mode in interior volume V

Function defined in Section 3,2, Eq.(12) [1]

Number of axial half-wavelengths for acoustic mode
n=z (q,i)

Symbolizes structural mode r = (M.N)

Radial distance from center of fuselage cylinder
to the axis of rotation of the propeller.
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LIST OF SYMBOLS
(Continued)

prl(ﬂ x';w) Average cross correlation of the exterior
blocked pressure over the fuselage

S Absorbing surface area of fuselage sidewall

Se Absorbing surface area on each end surface
(bulkhead)

Sp(w) Power spectral density of exterior pressure

Spp (w) Power spectral density of exterior blocked
pressure

Spbl(ili';w) Cross spectral density of exterior blocked

pressure

Si(z) Sine integral; Si(z) = ﬂ: sint.dt/t

t time

T Period of rotation of propeller; T = 60/N

TO,Tl Period of propeller noise signature; To= Tl =
(BPF)™% = 7/B

u In-plane axial displacement of cylinder wall (or
floor)

Vv Volume of cavity

v Circumferential (or transverse) displacement of
cylinder wall (or floor)

wdiss Power dissipated on the cabin walls

A-T



in
wint(

rad

W;gg(w)

bk

>

'X1X2X3

LIST OF SYMBOLS
(Continued)

Net power inflow

Spectral density of power radiated by structure
into interior acoustic space

Spectral density of power absorbed on inner wall
of the space from interior acoustic field

Cylinder wall (or floor) normal displacement
Transverse coordinate; see Figure 19
Location on exterior surface of fuselage

Location of grid point on exterior surface of
fuselage

Local coordinate systems used for PROPFAN
propeller noise prediction; see Figure E-6

Vertical coordinate, relative to fuselage

centerline; see Figure 17

Axial coordinate, relative to forward end of the
fuselage structure (of length L); see Figure 16

Axial coordinate for grid point k, see Figure 16

Location of propeller relative to the forward end
of the fuselage structure (of length L); see
Figure 17
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LIST OF SYMBOLS

(Continued)
o Band average absorption coefficient
Y Incidence angle between propeller and location im;
see Figure 17
A = T2 . ,
= 318 Grid spacing for propeller noise predictions
AL = A2 Area associated with each grid point; see Figure 16

Aw(radians/sec) Frequency band of width Aw = c
n{Aw symbolizes modes resonant below band
neAw symbolizes modes resonant inside band
n>Aw symbolizes modes resonant above band

() Delta function
en = V/f,42dV Acoustic mode normalization factor

3 Acoustic mode normalizing factor in axial direction
(see Eq.C.11 [1])

z Transverse coordinate; see Section 3.6 [1]

N, Acoustic mode loss factor

N Structural mode loss factor

n; Structural loss factor, including damping due to

trim; Eq.(17)

n'' Internal radiation loss factor, due to closely
coupled structural and acoustic modes; Eq.(83) [1]
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LIST OF SYMBOLS

(Continued)
ﬁn Average one-third octave band acoustic mode loss
factor
n = ' re ext -~
n. nr+nr +nrad Average one-~third octave band structural mode
loss factor
itruc Average one-~third octave band structural loss
factor
rad
Ny Average one-~third octave band radiation loss factor
;zg,nizg Average one-third octave band internal and external
radiation loss factors defined after Eqg.(19) [1]
6 Angular coordinate, relative to fuselage bottom
centerline; see Figure 17
€y Angular coordinate for grid location (k,2)
o Angle at which fuselage shell/floor joint is
located
ej Angle & for point j on fuselage wall, a boundary
point for the acoustic eigenvectors
91j92j Angles defining mid-points between boundary point j
and adjacent boundary points
£ Axial coordinate; see Section 3.6 [1]
or
£ Conductance for trim on end surface of cylinder

interior
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faal)

or

LIST OF SYMBOLS
(Continued)

Interior cavity location
Conductance for trim on cylinder (fuselage) sidewall

Density of air inside the cylinder

Density of air outside the cylinder
Time delay for cross-correlation

Acoustic transmission coefficient for diffuse field

exclitation; v = 1+ T

b R

Field incidence transmission coefficient for mass
controlled panels; defined in Eg.(20) [1]

> Mass law sound transmission coefficient

Trim transmission coefficient, defined in Eg.(A.22)[1]

Resonance transmission coefficient for diffuse
field, defined in Eq.(19) [1]

Generalized mass for two~-dimensional acoustic mode
i, defined in Appendix C [1]

Angular position of propeller hub relative to
fuselage bottom centerline; see Figure 17

Phase of Fourler component of propeller pressure
signature at propeller harmonic H and grid location
m = (k,%)



¢i(83)

WG(r,h)

LIST OF SYMBOLS
(Continued)

. (E) Mode shape, or eigenfunction, of the nth mode

cf the cavity at location g
Mode shape of ith acoustic mode of the fuselage

cross-section evaluated on the fuselage wall at

location J, angle Gj

Generalized modal forcing function due to propel-
ler noise, mode r at propeller harmonic H; see
Section 3.4 [1]

Mode shape, or eigenfunction, of the rth mode of the
structure, at location X

Floor displacement in structure mode r

Fuselage shell displacement 1in structure mode r
Angular frequency (rads/sec)

Angular frequency of propeller harmonilc H
Acoustic mode resonance angular frequency
Structure mode resonance angular frequency

Band-limited, space-averaged and time-averaged value
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